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ABSTRACT 



A process is provided of introducing an RNA into a living 
cell to inhibit gene expression of a target gene in that cell. 
The process may be practiced ex vivo or in vivo. The RNA 
has a region with double-stranded structure. Inhibition is 
.sequence -specific in that the nucleotide sequences of the 
duplex region of the RNA and of a portion of the target gene 
are identical. The present invention is distinguished from 
prior art interference in gene expression by aotisense or 
triple-strand methods. 
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GENETIC INHIBITION BY cell. Some difficulties with an tisense -based approaches 

DOUBLE-STRANDED RNA relate to delivery, stability, and dose requirements. In 

general, cells do not have an uptake mechanism for single- 

RELATED APPLICATION stranded nucleic acids, hence uptake of unmodified single - 

s stranded material is extremely inefficient. While waiting for 

This application claims the benefit of U.S. Provisional uptake into cells, the single-stranded material is subject to 

Appln. No. 60/068462, filed Dec. 23, 1997. +gi degradation. Because anlisense interference requires that the 

rnvcowMtuT interfering material accumulate at a relatively high concen- 

GOVtRNMENT RIGHTS tration (at or above the concentration of endogenous 

This invention was made with U S. government support to mRNA >* the amount "^ u,rcd to ■* delivered is a major 

under grant numbers GM-37706. GM-17164, IID-33769 constraint on efficacy. As a consequence, much of the effort 

and GM-07231 awarded by the National Institutes of Health. * developing aotisense technology has been focused on the 

The U.S. government has certain rights in the invention. production of modified nucleic acids that are both stableto 

nuclease digestion and able to diffuse readily into cells. The 
BACKGROUND OF THE INVENTION of an ti sense interference for gene therapy or other 

15 whole -organism applications has been limited by the large 

1. Field of the Invention amounts of oligonucleotide that need to be synthesized from 
The present invention relates to gene-specific inhibition of non-natural analogs, the cost of such synthesis, and the 

gene expression by double-stranded ribonucleic acid difficulty even with high doses of maintaining a sufficiently 

(dsRNA). concentrated and uniform pool of interfering material in 

2. Description of the Related Art 20 cach cclL 

Targeted inhibition of gene expression has been a long- Triple-Helix Approaches to Engineer Interference 

felt need in biotechnology and genetic engineering. , _ 

Although a major investment of effort has been made to A second, proposed method for engineered interference is 

achieve this goal, a more comprehensive solution to this bascd ™ * triple helical nucleic acid structure. This 

problem was still needed. 25 approach relies on the rare ability of certain nucleic acid 

.-.w- u l j.i. populations to adopt a triple-stranded structure. Under 

Classical genetic techniques have been used to isolate phUkilogical conditions, nucleic acids are virtually all 

mutant organisms with reduced expression of selected ^e-T^uble-strano^d, anJ rarely ever tZ tripk- 
genes. Although valuable, such techniques require abonous ££d structures, ft has been known for some time, 

mutagenesis and screening programs, are limited to organ- ho ™ ^ sim ^ ^ J pyrimidine-rich 

STJelTeS f?S^S^SZT Z ,hn t^l^i ^uences could form a triple -stranded molecule in vitro 

the existence of selectable markers the ability to control ^dc extreme conditions of pH (i.e., in a test tube). Such 

geneuc segregation and sexual reproductionX and are urn- structures m erally v undcr p hy5io ; |ogica | 

itcd to applications m which a large number of eclfe or conditions , si ^ Ic i cV of mm J i & A ou * lcic 

organisms can be sacrificed to isolate the desired mutation. , T r , . , / , , 

Even under these circumstances, classical genetic tec£ is ""^ ^'f** 10 P rodu 'f tr-ple-straod structure* does not 

' , . *. . yieU interference. As with antiscnse, devekmmeat of trrole- 

mquen can fad to produce mulatto!* m speafic target genes ^ lec . hnolo for ^ in ^ h ^ focus ^ on lhe ^ el . 

'VTA ¥ , C f mP f 8 f 06 C PS hWiyS " B "P-""' Of a**™* ™ ctei «= «*h *« would be more stable 

involved Many appUcaUons of molecular genelKS require ^ more readil absorbctl b ceUs in vivo ^ additionaJ 

the ability to go beyond classical geoeuc screening tech- , ^ d fo ^ lhis ^.fa^gy has ^ to ^ uee 
n.ques and eiBceudy produce a duected change u. gene M * modltied „ uck f c f cids for wWd, 8 ^ fonniltion 0 YZ, k . 
expression 10. spectfied group of cells or organisms. Some ^ rf , ^ effectivel „, physlolog ical pH. 
such applications are knowledge-based projects in which it r 7 v 7 & F 
is of importance to understand what effects the loss of a Co-Suppression Phenomena and Their Use in 
specific gene product (or products) will have on the behavior Genetic Engineering 
ofj the cell or , cj ryanism- Other applications are engineering 
<S baseftfor cxampfiftcases in which is important to produce 45 A third approach to gene-speciiic interference is a set of 
a population of ceUs or organisms in which a specific gene operational procedures grouped under the name - co- 
product (or products) has been reduced or removed. A suppression". This approach was first described in plants and 
further class of applications is therapeutically based in rcfcrs to lhc aW^y of transgenes to cause silencing of an 
which it would be valuable for a functioning organism (e.g., unlinked but homologous gene. More recently, phenomena 
a human) to reduce or remove the amount of a specified gene *o similar to co-suppression have been reported in two animals: 
prewiuct(orprochicts).Anomercl^ c Regans and prosophila. Co -suppress ion was first 
a disease model in which a physiological function in a living observed by accident, with reports coming from groups 
organism is genetically manipulated to reduce or remove a ^^""J attempts to achieve over-expression of a 
specific gene product (or products) without making a per- potentially useful locus. In some cases the over-expression 
mancnt change in the organism's genome. ss was successful while, in many others, the result was oppo- 

in the last few year., advances in nucleic acid chemistry ^1^ 

and gene transfer have inspired new approaches to engineer ^ J mcchamSms h F avc ^ far ^ p * roposed S for 

specific interference with gene expression. These tran5gpnc . mcdial ed co-suppression in plants? aU of these 

approaches are described below. mechanistic proposals remain hypothetical, and no definitive 

Use of Anlisense Nucleic Acids to Engineer 60 mechanistic description of the process has been presented. 

Interference <rhe modcls that have been proposed to explain 

co-supprcssion can be placed in two different categories. In 

Anlisense technology has been (he most commonly one set of proposals, a direct physical interaction at the 

described approach in protocols to achieve gene-specific DNA- or cnromatin-level between two different chromo- 

interference. For anlisense strategies, stochiometric amounts 65 soma] sites has been hypothesized to occur; an as- yet - 

of single-stranded nucleic acid complementary to the mes- unidentified mechanism would then lead to de novo me thy- 

senger RNA for the gene of interest are introduced into the ialion and subsequent suppression of gene expression. 
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Alternatively, some have postulated an RNA intermediate, 
synthesized at the transgene locus, which might then act to 
produce interference with the endogenous gene. The char- 
acteristics of the interfering RNA, as well as the nature of the 
interference process, have not been determined. Recently, a 
set of experiments with RNA viruses have provided some 
support for the possibility of RNA intermediates in the 
interference process. In these experiments, a replicating 
RNA virus is modified to include a segment from a gene of 
interest. This modified virus is then tested for its ability to ^ 
interfere with expression o f the endogenous g ene. Initial 
results wnn tins iccnniquc^navc been encouraging however^ 
ihe properties ol the viral RNA ihal arc responsible tor 
interference effects have not been determined and, in any 
case, would be limited to plants which are hosts of the plant 
virus. 1 

Distinction Between the Present Invention and 
Amiseoae Approaches 

The present invention differs from ant i sense -media ted „ 
interference in both approach and effectiveness. Antisense - 
mediated genetic interference methods have a major chal- 
lenge: delivery to the ceil interior of specific single -stranded 
nucleic acid molecules at a concentration that is equal to or 
greater than the concentration of endogenous mRNA. 
Double -stranded KNA-mediated inhibition has advantages 2 
both in the stability of the material to be delivered and the 
concentration required for effective inhibition. Below, we 
disclose that in the model organism C. elegans, the present 
invention is at least 100-fold more effective than an equiva 



gene expression. Viral -mediated co-suppression in plants 
appears to be quite effective, nut has a number of drawbacks. 
First, it is not clear what aspects of the viral structure are 
critical for the observed interference. Extension to another 
system would require discovery of a virus in that system 
which would have these properties, and such a library of 
useful viral agents are not available for many organisms. 
Second, the use of a replicating virus within an organism to 
effect genetic changes (e.g., long- or short-term gene 
therapy) requires considerably more monitoring a nd over- 
sight for deleterious effects than the use of a dclineMucleic 
acid as in the present invention. 

The present invention avoids the disadvantages of the 
previously-described methods for genetic interference. Sev- 
eral advantages of the present invention are discussed below, 
but numerous others will be apparent to one of ordinary skill 
in the biotechnology and generic engineering arts. 

SUMMARY OF THE INVENTION 

A process is provided for inhibiting expression of a target 
gene in a cell. The process comprises introduction of RNA 
with partial or fully double-stranded character into the cell 
or into the extracellular environment. Inhibition is specific in 
that a nucleotide sequence from a por t i on of the target gene X jSV p f 
is chosen to produce inhibitory RNA. nVe disclose that this V/ *• ** 
process is (1) effective in producing inhibition of gene 
expression, (2) specific to the targeted gene, and (3) general 
in allowing inhibition of many different types of target gene. 
The target gen e mav be a gene derived from the celtfan 



invention is at least luu-ioia more enecuve man an equiva- , " ■ j g n n — tjj « ■ — t r ?. i 

lent antisense approach (i.e., dsRNA is at least 100-fold 30 Oogenous genefa^a^^r^wfefa£^^^^ 
aw™ ,ZL .k- ~e~.^K-A dm a * present in toe ceil after infection thercoL Depending on 



more effective than the injection of purified antisense RNA 
in reducing gene expression). These comparisons also dem- 
onstrate that inhibition by double-stranded RNA must occur 
by a mechanism distinct from antisense interference. 

Distinction Between the Present Invention and 
Triple-Helix Approaches 

The limited data on triple strand formation argues against 
the involvement of a stable triple -strand intermediate in the 
present invention. Tri pie -strand structures occur rarely, if at 40 protein. 



is present in the cell alter infection tnereoT Depending on vS 
the particular target gene and the dose of double stranded 
RNA material delivered, the procedure may provide partial 
or complete toss of function for the target gene. A reduction 
or loss of gene expression in at least 99% of targeted cells 
has been shown. Lower doses of injected material and longer 



f 3 



S3 



times after administration oj 
in a smaller fraction of eel 



result in inhibition 
tilation ot gene expression 



in a cell may show similar amounts of inhibition at the level 
of^ccumulation of target mRNA^r^aaslation of t "™ 



all, under physiological conditions and are limited to very 
unusual base sequence with long runs of purines and pyri- 
midines. By contrast, dsRNA-mediated inhibition occurs 
efficiently under physiological conditions, and occurs with a 
wide variety of inhibitory , and target nucleotide sequences. 
I "be present invention haafceen used V 
18 different genes, providing phe 

tal and sequence constraints on Triple -helix format to i 




enpeo] 

Ml* 



xpressioo of 



The RNA may comprise one or more strands of polymer- 
ized ribonucleotide; it may include modifications to either 
the phosphate-sugar backbone or the nucleoside. The 
double -stranded structure may be for med by a single self- 

J 1 1 - - UNA 



ies of null mutations 
extreme envirqnmen- 
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45 compte mentarv RNA strand urf twojojmpjr rnemary 

strands. RNA duplex tonmatioa may oe mitiatecf either 
inside or outside the cell. The RNA may be introduced in an 
amount which allows delivery of at least one conv per cell. ^ 
Higher doses T>f double-stranded material may yield more vj*y * 
50 effective inhibition. Inhibition is sequence -specific in that 
nucleotide sequences corresponding to the duplex region of 
the RNA are targeted for genetic inhibition. RNA containing 
a nu cleo t ide sequences identical to a portion of the target fi r^\ - 
gene ^J pretcrrcd tor inhibition. RNA sequences with ^ 
insertions, deletions, and single point mutations relative to 



in Mrfyr sfiara of town fuguiu 

tal and sequence constraints on 
it unlikely that dsRNA-mediated inhibition in C. ete[ 
mediated by a triple-strand structure. 

Distinction Between Present Invention and Co- 
Supprcssion Approaches 

The transgene- media ted genetic interference phenom- 
enon called co-suppression may include a wide variety of 
different processes. From the viewpoint of application to 
other types of organisms, the co -suppression phenomenon in 
plants is difficult to extend. A confounding aspect in creating 

a general technique based on co -suppression is that some lhc duplex region of the RNA may be defined functionally 
transgenes in plants lead to suppression of the endogenous 60 as a nucleotide sequence that is capable of hybridizing with 
locus and some do not. Results in C. elegant and Dmsophila 
indicate that certain transgenes can cause interference (i.e., 
a quantitative decrease in the activity of the corresponding 
endogenous locus) but that most transgenes do not produce 
such an effect. The lack of a predictable effect in plants, 
nematodes, and insects greatly limits the usefulness of 
simply adding transgenes to the genome to interfere with 



the target sequence have also been found to be effective for 

El 

s percent 

difference between the nucleotide sequcQccs.*£hernaUvely, Cf^fi V 



inhibition. Thus, sequence identi ty may optimized by align- (^^) C J 
Hmd calculating the percent""^ 



mem algorithms known in the art 4! 



a portion of the target gene transcript . 4 ' - X 

The cell with the target gene may he deriv ed from or^T 
contained in any organism (e.g., plant, animal, (protozoan. (24 
virus, bacterium, orjfuntf us ^RNA may be synthesized either a 
in vivo or in vitro. Endogenous RNA polymerase of the cell ' 
may mediate transcription in vivo, or cloned RNA poly- 
merase can be used for transcription in vivo or in vitro. For 



ri@ 
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transcripti on From a transgene 
tconslrucp a regulatory regioi " 
RNA strand (or strands), 



Lc ne in_ v ivo n 
»niffay boused 



vivo or an expression 
to transcribe the 



The RNA may be directly introduced into the cell (i.e., 
intracellularly); or introdu ced extracelhilarly into a cavity. 



interstitial spaccT Cgto ^ circulation of an org; 
duccd orally, or may be Introduced by bathing an 01 
in a solution containing RNA. Methods for oral introduction 
include direct mixing of RNA with food of the organism, as 
well as engineered approaches in which a species that is used 
as food is engineered to express an UNA, then fed to the 
organism to be affected) Physic al methods of introducing 
nucleic acicLs tincluJ^injecUorit directly) into the cell or 
: ^ i -^n^fp O [ ao An A solutions 



EE 

;Uoanrito the orpins 
s of thrf presentfrnvei 
louble-straoded RNi 



[utionj 
nrion include: the ease , 
RNA into cells, the low 



extracellular injecuonfln i 

The advantages 
of introducing <toubk 

conccntration oi KNAflVhich can «a used, the stability of 
double -stranded RNA, and the effectiveness of the inhibi- 
tion. The ability to use a low concentration of a naturally - 
occurring nucleic acid av oids several disadvantages of anti- 
sense interfere nee f^lTiisJ inventiop is not limited io in vitro 
use or to specific sequence compositions, as are techniques 
based on triple-strand formation. And unlike antisense 
inter ference, triple-strand interference, and co-suppression, 
invention does not suffer from being limited to a 



RNA 20 ). Panel C: Embryo from a parent injected with 
purified mcx-3B antisense RNA. These embryos and the 
parent animals retain the mex-3 mRNA, although levels may 
have been somewhat less than wild type. Panel D: Embryo 
from a parent injected with dsRNA ^nysnnnrfm ft to mex- 
3B; no mex-3 RNA was detected. (!>caiej eacfa embryo 5 
approximately 50 tan in length. 

FIG. 4 shows inhibitory act ivity of unc-22A as a function j fS i r 
of structure and conccntralionT The main graph indicates *• 
fractions in each behavioral class. Embryos in the uterus and 
already covered with an eggshell at the t ime of injection , 
were not affected and, thus, are not include d*Progeny cohort ' 
groups are labeled 1 for 0-6 hours, 2 for 6-4 ~ 
15-27 hour s. 4 for 27 - 41 hours, and 5 for 41- 
bottom-lcOTiatu^m f^bwsi geneticallv derive 
between unc-22 gene dosage and behavior based on analyses 
of unc-22 beterozygotes and polyploids 8 - 3 . 

iFIGS. SA-C show examples of genetic inhibition follow- (ct) 
I ingestion by C. elegans of dsRNAs from expressing 
bacteria. Panel A: General strategy for production of dsRNA 
by cloning a segment of interest between flanking copies of 
the bacteriophage 17 promoter and transcribing both strands 
of the segment by transfecting a bacterial strain (BL21/DE3) 
28 expressing the T7 polymerase gene from an inducible 
(Lac) promoter. Panel B: A GFP-expressing C. elegans 



<§>< 



particular set of target genes, a particular portion of the 25 strain, PD4251 (see FIG. 2), fed on a native bacterial host. 



iene 's nucleotide sequence, or a 
delivery method flitcse conc el 
oing general ! 



articular transgene 
" ive been a serious 

obstacle to designing general strategies according to the 
prior art for inhibiting gene expression of a target gene of 
interest. 30 

Furthermore, genetic manipulation becomes possible in 
organisms that are not classical genetic models. Breeding 
and screening programs may be accelerated by the ability to 
rapidly assay the consequences of a specific, targeted gene 
disruption. Gene disruptions may be used to discover the 35 
function of the target gene, to produce disease models in 
which the target gene are involved in causing or preventing 
a pathological condition, and to produce organisms with 
improved economic properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 showsfthe) genes used to study RNA-mcdiated 
genetic inhibition in C elegans. Intron-exon structure for 
genes used to test RNA-mediatcd inhibition are shown 



Panel C: PD4251 animals reared 00 a diet of bacteria 
expressing dsRNA corresponding to the coding region for 



DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a method of^producin^ 
seouence -specific inhibition of gene expressionAy introduc-. 
intymih ^stranded RNA (dsRNAVA process is provided 
tor inhibiting expression of a target gene in a cell. 



fbe 




process comprises introduction of RNA with p artial or fully 
double-stranded character into the ccllr Innibitton is 



(exons: tilled boxes; introns: open boxes; 5* and 3* on trans- 45 a 
r- dBai&ifid r egions: shaded; unc-22*, unc-54 is , fem-1 14 , and hih- pt 



bit ton is 

sequence-specific in that a nucleotide sequence from a 
portio n of the target gene is chosen to produce inhibitory 
RNA.* We disclose that this process is (1) effective in 
producing inhibition of gene expression, (2) specific to the 
targeted gene, and (3) general in allowing inhibition of many 
different types of target gene. 

Ine target gene may be a gene derived from the cell (i.e., 
cellular gene), an endogenous gene (i.e., a cellular gene 
present in the genome), a transgene (i.e., a gene construct 
nsgrtgd at an ectopic site in the genome fiOjjg SS^ii ° r ■ 



rtJD 



1 1 
c a 



2 ATn show analysis of inhibitory RNA effects in 
individual celts. These experiments were carried out in a — 
, ^reporter strain ^ca lled PD4251) expressing two different 50 particular target gene and the dose ol 



(gene from a pathogen which is capab: 
or ganism from which the cell is derived. 



f report er proteinal nuclear GFP-I-acZ and mitochondrial 
*GFp*Tbe micrographs show progeny of injected animals 
(visualized by a fluorescence microscope) Panels A (young 
larva), B (adult), and C (adult Dody wall; high 
^magnificat ion) result from injection of a control RNA (ds- 
ic22A15 Pane ls D-F show progeny of aniraalvjnjected 



rune. 



fwith d s-ftfpCj.*Panels G-l demonstrate stNJciflcin /ffiimals 
' " * * luTaBcc 



:nding on the 

- - _, iuble stranded RNA 

material delivered, tints process may provide partial or 
complete loss of function for the target gene. A reduction or 
loss of gene expression in at least 99% of targeted cells has 
been shown. ) 

Inhibition of gene expression refers to the absence (or 
observable decrease) in th ejevel of protein arjd/or mRNAifl Sfr p 7 
product from a target gene /specificity refers to the ability to^r ^ J 



r 2 



are injected with ds-lacZL RNA, which sbouloHflfc ct the 
nuclear but not the mitochondrial reporter construe tTpanel II 
shows a typical adult, with nuclear GFP-LacZ lacking in 
almost all body- wall muscles but retained in vulval muscles. 
Scale bars are 20 «m. 

FIGS. 3A-D show effects of double -stranded RNA cor- 
responding to mex-3 on levels of the endogenous mRNA. 

Microgra phs show in situ hybridization to embrytwifdark antibodvj^in 

stain uranel A: Negative control showing lack of staining in 65((ELISAjfWestern blotting, radioimmunoassa; ^ 
the absence of hybridization probe. Panel B: Embryo from immunoassays! and fluorescence activated cell analysis 
uninfected parent (normal pattern of endogenous mex-3 ( (FACS j^For l(N A- mediated inhibition in a ce 11 line or whole /j ^ 



inhibit the target gene without manifest effects on other 
genes of the cell. The consequences of inhibition can be 
confirmed by examination of the outward properties of the 
0 cell or organism (as presented below in the examples) or by 
biochemical tcchnique ssuch as RNA solution hybridization, jffi ) 
{nuclease protectionjNorthern hybridization, reverscVS-^. 
transcription, (>ene expression monitoring with a microarray, 
antibod y . binding enzyme linked immunosorbent assay 
' ■ *>((RIA), other 
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irtef or drug resistance gene whose pi 
ucb reporter genes tpciud 



actosidase 
1 accty 



T.JalRaUnc 

AcnnsferasSnCAnl green _ 
roiidase (HRP>j 
line sym 



organism, gene expression is conveniently assayed by use of 



cin product is 
tohydroxy- 
.Us«X(APi beta 
(GUSflchloram- 
irescent protein 
lucifcrascIfLuc). 



r drug 
assayed, SS 
acid synthase 



horseradish pc i 
synthase mu 
£Mu 



be defined functionally as a nucleotide sequence that is 
capable of hybridizing with a portion of the target gene 
transcript (e.g., 400 mM NaCl, 40 mM PIF" 
EDTA, 50° C or 7" 
(followed by washing 
sequences may be * 




(0L 



€5^ 



octoptne synthase (OCS),jQn< 
'ff 9i derivatives thereof .(M ultiple selectable markers are avail 

able that confer resistance to ampicillin, bleomycin, lQ 
chloramphenicol, gentamycio, bygromycin, kanamycin, 
lincomycin, methotrexate, phosphinotbricin, puromycin, 
and letracyclin.J 

Depending on the assay, quantitation of the amount of 
gene expression allows one to determine a degree of inbi- 
Ibitioq which is greater than 10%. 33%. 50%. 90%, 95% or 15 
a cell not treated according to the 
present m vent lo^Lower doses of injected materia] and 
longer times after administration of dsRNA may result in 
inhibition in a smaller fraction of cells (e.g., at least 10%. 
20%, 50%, 75%, 90%, or 95% of targeted cells). Quantita- ~o 
lion of gene «™rgsttinn mj cell may show similar amounts 
of inhibition at the level o (^ cumulation of target mRNAor 
translation of target proteinics an example, the efficiency of 
inhibition may be determined by assessing the amount of 
gene product in the cell: mRNA may be detected with a 25 
hybridization probe having a nucleotide sequence outside 
the region used for the inhibitory double -stranded RNA, or 
translated polypeptide may be detected with an antibody 
raised against the polypeptide sequence of that region.) 



he© 



tygnosperrn; the animal may pc *gg» 
/Preferred microbes are those 
lustry, and those that are palho- 



,<g> 



The RNA may comp rise one or more strands of polymer 
ized nboouclcotioV pg may include modifications to cithet 
the phosphate 'Sugar backbone or the nucleoside! Foi 



her 

phosphate -surST^ backbone or the nuclcosideY For 
example, the phosphod tester linkages of natural RNA may 
be modified to include at least one of a nitrogen or sulfur 
heteroatom. Modifications in RNA structure may be tailored 
to allow specific genetic inhibition while avoiding a general 
panic response in some organisms which is generated by 
dsRNA Likewise, bases may be modified to block the 
activity of adenosine deaminase. RNA may be produced 
enzymatic ally or by partial/total organic synthesis, any 
modified ribonucleotide can be introduced by in vitro enzy- 
matic or organic synthesis. J 
^^ Tl The double-stranded structure may be fo rmed by a single 
^.'■jC y 1 t-co m p lerncn t ary RNA strand or QwS complementary 
IiSA RNA slrands.^lN A duolex formation may be 



( As disclosed herein, 100% sequence identity between the 
kWA and the target gene is not required to practice l 
present invention. Thus the invention has the advantage 
being able to tolerate sequence variations thai might be 
expected due to genetic mutation, strain polymorphism, or 
evolutionary divergence. } 

The cell with the target gene may be derived from or 
contained in any organism. The organism may a plant. tg£k 
animal.forotozoan, bacterium, virus* orjfungus? The plant * ^3r 

may be a monocot, dicot or gyj 
a vertebrate or invertebrate/ 

used in agriculture or by industry, and those that are patho- 
genic for plants or animals. Fungi include organisms in both 
the mold and yeast morphologies. ) 

Plants include arajudopsi^ field crops (e.g., alfalfa** 
barley, bean} cora^otton, flax, pea, rape, rice, rye, safflower^ 1 
sorghum, Jsoybean,(suffilowerj tobacco, and whead;*veg- , 
ctable crops (e.g., asparagus, beet, broccoli, cabbage, carrot,) 
cauliflower, (celery, cucumber, eggplant, lettuce, onion/' 
pepper.) potato, (pumpkin, radish, spinach, squash, taro, 
tomato, and zucchini); fruit and nut crops (e.g., almond, 
apple, apricot, banana, blackberry; blueberry, cacao, cherry, 
coconut, cranberry, date, fajoa, filbert, grape, grapefruit^JJjV 
guava, kiwi, lemon, lime, mango, melon, nectarine, orange/^*' 
papaya, passion fruit, peach, peanut, pear, pineapple, 
pistachio, plum, raspberry, strawberry, tangerine, walnut, 
and watermelon); and ornamentals (e.g., alder, ash, aspen, 
azalea, birch, boxwood, camellia, carnation, 
chrysanthemum, elm. fir, ivy. jaszniac, jumpcr Jaak.fcalm.+g^ 
pop Iar,)pmc, (redwood, rhododendron, rose, andfobbcr). ^jy 

Examples of vertebrate animals include fish, mammal, 
fcatdgte oal, pia^hccp.todent, hamster, mouse, rat. primateT 
and human; invertebrate animals include nematodes, mher 
worms, drosophila, and other insects^RepresenuUve gen- 
erae of nematodes include those that infect animals (e.g., 
Ancylostoma, Ascaridia, Ascaris, Bunostomum, 
Caenorhabditis, Capillaria, Chabertia, Cooperia, 
Dtctyocaulus, Haemonchus, Heterakis, Nematodirus, 
Oesopbagostomum, Ostertagia, Oxyuris, Parascaris, 
Strongylus. Toxascaris, Trichuris, Tricbostrongylus, 



RNA strands.TlNA duplex formation may be initiated either 

inside or outside the cell. The RNA may be introduced in an 45 Tfhchoncma, Toxocara, Uncinaria) and those that infect 
amount which alluws delivery of ajje asl one copy per cell. plants (e.g.. Dursaphalenchus, Criconemella, Diiylenchus, 
^ " " "' * >r 1000 copies per Ditylenchus, Globodera. Helicotylenchus, Ileterodera, 

effective l.ongidorus, Melodoigyne, Nacobbus, Paratylenchus, 
Pratylenchus, Radopholus, Rotelynchus, Tylenchus, and 
Xiphinema). Representative orders of insects include 
Coleopteja, Pinters Lepidoptera and Hnmnpter* ) 

QTrjJfcel leaving the target genejpnay be from the germ line 
or somatic, totipotent or plurrpotent, dividing or non- 
dividing, parenchyma or epithelium, immortalized or 
transformed, or the like. The cell may be a stem cell or a 
differentiated cell. Cell types that are differentiated include 
adipocytes, fibroblasts, myocytes, cardiomyocytes, 
endothelium, neurons, glia, blood cells, megakaryocytes, 
lymphocytes, macrophages, neutrophils, eosinophils. 
Sequence Analysis Primer, Stockton Press, 1991, and refer- basophils, mast cells, leukocytes, granulocytes. 
ences cited therein) and calculating the percent difference 60 keratinocytes, chondrocytes, osteoblasts, osteoclasts, 
between the nucleotide sequcnccsYby, for example, the hepatocytcs, and cells of the endocrine or exocrine glands. 
Smith- Waterman algorithm as implemented in the BESTFIT (RNA may be synthesized either in vivo or in vitro, 
software program using default parameters (e.g., University Endogenous RNA polymerase of the cell may mediate 
of Wisconsin Genetic Computing Group) ^Greater than 90% transcription in vivo, or cloned RNA polymerase can be used 
sequence identity, or even 100% sequence identity, between for transcription in vivo or in vitro. For transcription from a 
the inhibitory RNA and(the portion ofjthe target gene is transgene in vivo or an expression gonsirucr — 



Higher doses (e.g., at least 5, 10, U 

IH of double -stranded material may yfcld 
'inhibition lower doses may also be useful for specific 
application^ Inhibition is sequence-specific in that nucle- 
otide sequences corresponding to the duplex region of the 
RNA arc targeted for genetic inhibition. 

RNA containing a nucleotide sequences identical to a 
portion of the target gene are preferred for inhibition. RNA 
sequences with insertions, deletions, and single point muta- 
— ^ lions relative to the target sequence have also been found to 
(Sl.jL be effective fo r inhibition. Thus, sequence identity may 
optimized oyfsequcnce comparison and) alignment algo- 
rithms known in the art (see Gribskov and Dcvereux. 



.Alternatively, 



region (e.g., promoter, enhancer, silenc 
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acceptor, polyadenylatiojft flBg TO used to transcribe the 
RNA strand (or strands))(Fnhibition may be targeted by 
specific transcription in an organ, tissue, or cell type; stimu- 
lation of an environmental condition (e.g., infection, stress, 
temperature, chemical inducers); and/or engineering tran- 
scription at a developmental stage or age. The RNA strands 
may or may not be polyadeoylated; the RNA strands may or 
may not be capable of being translated into a polypeptide b v 
a cell's translational apparatusjRNA may be chermcaJlyfsr 
:nzymaticaHy)synthesi7ed by manual or automated rcac- 
ions. The R NA may be synthesized by\a cellular) RNA 
RNA polymerase {e.g., T3, 
jol an expression "~ ~~ 
"VO 97/32016^ 



15 




polymerasc^of a bactgriopha^ 
T7.SP6). The use *f * " 
are known in the l , , 

Nos. 5.712,135, 5,789,214, and 

5,804 f 693;jand the references cited therein). If synthesized 
chemically or by in vitro enzymatic synthesis, the RNA may 
be purified prior to introduction into the celL For example, 
RNA can be purified from a mixture by extraction with a 
solvent or resin, precipitation, electrophores is. 
chromatograp hy, or a combination mereot jeiterftttrvelfl the 20 
KNA ImaySfr uscd with no or a minimum of punlicaiion to 
avoid losses due to sample processing. The RNA may be 
dried for storage or dissolved in an aqueous solution. 
solution may contain buffers or salts to promote anneal 
and/or stabilization of the duplex stran df, 
»RNA ma y be fatrcctly introduced) into the cell (i.e., 
ill ularly); ^intr oHucedJcxU-acxUukrly\into/^ ^avity. 



4& 



tumor and thereby inhibit gene expression of a ac ne requ tred_ / fifo 
for maintenance of tbe^arcmc^enic/mmorigemc^berxrtype 
To prevent a disease or other pathology, a target gene ma y 
be selected which is reauired for initiauonfcr maintenance^ 1 <fcis/ 
the disease/pathology.frrcacment would include ameliora- 
tion of any symptom associated with the disease or clinical 
indication associated with the pathology. 

A gene derived from any pathogen may be targeted for 
inhibition. For example, the gene could cause immunosup- 
pression of the host directly or he essential for replication of 
the pathogen, transmission of the pathogen, or maintenance 
of the infection. The inhibitory RNA could be introduced in 
cells in vitro or ex vivo and then subsequently placed into an 
animal to affect therapy, or directly treated by in vivo 
administration. A method of gene therapy can be envisioned. 
For example, cells at risk for infection by a pathogen or 
already infected cells, particularly human immunodefi- 
ciency virus (HIV) infections, may be targeted for treatment 
by introduction of RNA according to the invention. The 
target gene might be a pathogen or host gene responsible for 
entry of a pathogen into its host, drug metabolism by the 
pathogen or host, replication or integration of the pathogen's 
genome, establishment or spread of an infection in the host, 
or assembly of the next generation of pathogen. Methods of 
prophylaxis (i.e., prevention or decreased risk of infection), 
as well as reduction in the frequency or severity of symp- 
25 toms associated with infection, can be envisioned. ) 

The present invention could be used for treatment or 
development of treatments for cancers of any type, including 
solid tumors and leukemias, including: apudoma, 
cboristoma, branchioma, malignant carcinoid syndrome, 
30 carcinoid heart disease, carcinoma (e.g., Walker, basal cell, 
basosquamous, Brown-fcarce, ductal, Ehrhch tumor, in situ, 
Krebs 2, Merkel cell, mucinous, non-small cell lung, oat 
cell, papillary, scirrhous, bronchiolar, bronchogenic, squa- 
mous cell, and transitional cell), histiocytic disorders, leu- 
35 kemia (e.g., B cell, mixed cell, null cell, T cell, T-cell 
chronic HTLV- II- associated, lymphocytic acute, lympho- 
cytic chronic, mast cell, and myeloid), histiocytosis 
malignant, Hodgkin disease, immunoproliferative small, 
non-Hodgkiu lymphoma, plasmacytoma, 
reticuloendotheliosis, melanoma, chondroblastoma, 
40 chondroma, chondrosarcoma, fibroma, fibrosarcoma, giant 
cell tumors, histiocytoma, lipoma, liposarcoma, 
mesothelioma, myxoma, myxosarcoma, osteoma, 
osteosarcoma, Ewing sarcoma, synovioma, ade no fibroma, 
adenolymphoma, carcinosarcoma, chordoma, cranio- 
45 pharyngioma, dysgerminoma, hamartoma, mesenchymoma, 
mcsonephroma, myosarcoma, ameloblastoma, ccmcntoma, 
odontoma, teratoma, thymoma, trophoblastic tumor, 
adenocarcinoma, adenoma, cholangioma, cholesteatoma, 
cylindroma, cyst adenocarcinoma, cystadenoma, granulosa 
so cell tumor, gynandroblastoma, hepatoma, hidradenoma, islet 
cell tumor, Leydig cell tumor, papilloma, Sertoli cell tumor, 
tbeca cell tumor, leiomyoma, leiomyosarcoma, 
myoblastoma, myoma, myosarcoma, rhabdomyoma, 
rhabdomyosarcoma, ependymoma, ganglioneuroma, 

■^^ i ^^ r -^^..._^_ l! ^ == ^ 5J glioma, medullohlastnma, meningioma, neurilcmmoma, 

and tr anscription of RNA encoded by the express 10 riCeon^ neuroblastoma, neuroepithelioma, neurofibroma, neuroma, 
£j5gI>(Otbcr methods known in the art for introducing paraganglioma, paraganglioma nonchromaffin, 
nucleic acids to cells may be used, such as lipid-me dialed angiokeratoma, angiolymphoid hyperplasia with 
carrier transport, chemical-mediated transport, such as cal- eosinophilia, angioma sclerosing, angiomatosis, 
cium phosphate, and the like. Thus the RNA may be glom angioma, hemangioendothelioma, hemangioma, 
introduced along with components that perform one or more 60 hemangiopericytoma, hem angiosarcoma, lymphangioma, 
of the following activities: enhance RNA uptake by the cell, lymphangiomyoma, lymphaogiosarcoma. pincaloma, 
promote annealing of the duplex strands, stabilize the carcinosarcoma, chondrosarcoma, cystosarcoma phyl lodes, 
annealed strands, or other-wise increase inhibition of the fibrosarcoma, hem angiosarcoma, leiomyosarcoma, 
target gene J leukosarcoma, liposarcoma, lymphaogiosarcoma. 

The present invention may be used to introduce RNA into 65 myosarcoma, myxosarcoma, ovarian carcinoma, 
(a cell for the treatment or prevention of disease. For rhabdomyosarcoma, sarcoma (e.g., Ewing, experimental, 
example^ dsRNA may be introduced inioja cancerous cell or Kaposi, and mast cell), neoplasms (e.g., bone, breast, diges- 



uitracel » . 

interstitial snacc ^tof the circulation of an organism {intro- 
duced orally, or may be introduced by bathing an organism 
in a solution containing the RNA. Methods for oral intro- 
duction include direct mixing of the RNA with food of the 
organism, as well as engineered approaches in which a 
species that is used as food is engineered to express the 
RNA, then fed to the organism to be affected. For example, 
-S the RNA may be sprayed onto a plant or a plant may be 
genetically engineered to express the RNA in an amount 
sufficient to kill some or all of a pathogen known to infect 
the plant. Physical methods of introducing nucleic acids, for 
example, injection directly into the cell or extracellular 
injection into the organism, may also be usedJWc disclose 
herein thai in C. elegans, double-stranded RNA introduced 
outside the cell inhibits gene expression. Vascular or 
ifj^ paravascular circulatio n, the blood or lymph system, the 
/ phloem^be roots.^n^thejcercbrospinal fluid are sites where 

(he RNA may be introduced. (\ transgenic organism that 
x-T>| expresses RNA from a recombinant construct may be pro- 
Qiy duced by introducing the construct into a zygote, an embry- 
onic stem cell or another multipoint cell derived from the 

appropriate organism.) 

Physical methods of introducing nucleic acids Uncludd 
injection of a solution containing the RNA. bombardment by 
particles covered by the RNA, soaking the cell or organism 
in a solution of the RNA. or ckctroporation of cell mem- 
nrancs Tt n the presence oft t be RNA. A viral tconstrucP 
packaged into a viral particle would accompli sh both effi- 
cient introduction of an cxpressron^nstrucQinto th & cell 
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tive system, coin rectal, liver, pancreatic, pituitary, testicular, 
orbital, head and neck, central nervous system, acoustic, 
pelvic, respiratory tract, and urogenital), neurofibromatosis, 
and cervical dysplasia, and for treat meat of other conditions 
in which cells have become immortalized {or transformed. 
The invention could be used in combination with other 
treatment modalities, such as chemotherapy, cryotherapy, 
hyperthermia, radiation therapy, and the like. 

As disclosed herein, the present invention may is not 
limited to any type of target gene or nucleotide sequence. 
But the following classes of possible target genes are listed 
for illustrative purposes: developmental genes (e.g., adhe- 
sion molecules, cyclin kinase inhibitors, Wnt family 
members. Pax family members. Winged helix family 
members, Hox family members, cytokines/lympbokiDcs and 
their receptors, growth/differentiation factors and their 
receptors, neurotransmitters and their receptors); oncogenes 
(e.g., ABL1, BCU, BCI.2, BOA CBFA2. CBL. CSF1R, 
ERBA, ERBB, EBRB2, ETS1, ETSt. ETV6, FGR, FOS. 
FYN, HCR. HRAS, JUN, KRAS, LCK, LYN, MDM2. 



nematodes which have no effect on plants. Inhibition of 
target gene activity could be used to delay or prevent entry 
into a particular developmental step (e.g., metamorphosis), 
if plant disease was associated with a particular stage of the 
pathogen's life cycle. Interactions between pathogens may 
also be modified by the invention to limit crop damage. For 
example, the ability of beneficial nematodes to attack their 
harmful prey may be enhanced by inhibition of behavior- 
controlling nematode genes according to the invention. 

Although pathogens cause disease, some of the microbes 
interact with their plant host in a beneficial manner. For 
example, some bacteria are involved in symbiotic relation- 
ships that fix nitrogen and some fungi produce phytobor- 
mones. Such beneficial interactions may be promoted by 
using the present invention to inhibit target gene activity in 
the plant and/or the microbe. 

Another utility of the present invention could be a method 
of identifying gene function in an organism comprising the 
use of double-stranded RNAto inhibit the activity of a target 
gene of previously unknown function. Instead of the lime 



MLL, MYB, MYC, MYCLl, MYCN, NRAS, PIM1, PML, -° consuming and laborious isolation of mutants by traditional 
RET. SRC, TALI, TCL3, and YES); tumor suppressor genes genetic screening, functional genomics would envision 
(e.g., APC, BRCA1, BRCA2, MADH4, MCC, NF1, NF2, determining the function of uncharacterized genes by 
RBI, TP53, and WT1); and enzymes (e.g., ACC synthases employing the invention to reduce the amount and/or alter 
and oxidases, ACP desaturases and hydroxylases, ADP- the timing of target gene activity. The invention could be 
glucose pyrophorylases, ATPases, alcohol dehydrogenases, 25 used in determining potential targets for pharmaceutics, 



amylases, amyloglucosidases, catalases, ccllulases, ehal 
cone synthases, chitinases, cyclooxygenases, 
decarboxylases, dextrinases, DNA and RNA polymerases, 
galactosidases, glucanases, glucose oxidases, granule-bound 
starch synthases, GTPases, helicases, hcmicellulases. 
integrascs. inulinascs, invert ascs, isomerases, kinases, 
lactases, upases, lipoxygenases, lysozymes, nopaline 
synthases, octopine synthases, pecti nest erases, peroxidases, 
phosphatases, phospholipases, pbosphorylascs, phytases, 
plant growth regulator synthases, polygalacturonases, pro- 
teinases and peptidases, pull an ascs, rc comb in ascs, reverse 
transcriptases, RUBISCOs, topo isomerases, and xylanaacs). 

The present invention could comprise a method for pro- 
ducing plants with reduced susceptibility to climatic injury, 
susceptibility to insect damage, susceptibility to infection by 
a pathogen, or altered fruit ripening characteristics. The 
targeted gene may be an enzyme, a plant structural protein, 
a gene involved in pathogenesis, or an enzyme that is 
involved in the production of a non-protein accous part of the 
plant (i.e., a carbohydrate or lipid). If an expression con 



understanding normal and pathological events associated 
with development, determining signaling pathways respon- 
sible for postnatal development/aging, and the like. The 
increasing speed of acquiring nucleotide sequence inform a- 
30 tion from genomic and expressed gene sources, including 
total sequences for the yeast. D. melanogaster. and C. 
elegans genomes, can be coupled with the invention to 
determine gene function in an organism (e.g., nematode). 
The preference of different organisms to use particular 
codons, searching sequence databases for related gene 
products, correlating the linkage map of genetic traits with 
the physical map from which the nucleotide sequences are 
derived, and artificial intelligence methods may be used to 
define putative open reading frames from die nucleotide 
sequences acquired in such sequencing projects. 
40 A simple assay would be to inhibit gene expression 
according to the partial sequence available from an 
expressed sequence tag (EST)- Functional alterations in 
growth, development, metabolism, disease resistance, or 
other biological processes would be indicative of the normal 



struct is used to transcribe the RNA in a plant, transcription 45 role of the ESTs gene product 

by a wound- or stress-inducible; tissue -specific (e.g., fruit. The ease with which RNA can be introduced into an intact 

seed, anther, flower, leaf, root); or otherwise regulatable cell/organism containing the target gene allows the present 

(e.g., infection, light, temperature, chemical) promoter may invention to be used in high throughput screening (IITS). 

be used. By inhibiting enzymes at one or more points in a For example, duplex RNA can be produced by an amplifi- 

mclabolic pathway or genes involved in pathogenesis, the 50 cation reaction using primers flanking the inserts of any aene 



effect may be enhanced: each activity will be affected and 
the effects may be magnified by targeting multiple different 
components. Metabolism may also be manipulated by inhib- 
iting feedback control in the pathway or production of 
unwanted metabolic byproducts. 

The present invention may be used to reduce crop destruc- 
tion by other plant pathogens such as arachnids, insects, 
nematodes, protozoans, bacteria, or fungi. Some such plants 
and their pathogens arc listed in Index of plant Diseases in 
the United States (U.S. Dept. of Agriculture Handbook No. 
165, 1960); Distribution of Plant- Parasitic Nematode Spe- 
cies in North America (Society of Nematologjsls, 1 985); and 
Fungi on Plants and Plant Products in the United Stales 
(American Phytopathological Society, 1989). Insects with 
reduced ability to damage crops or improved ability to 
prevent other destructive insects from damaging crops may 
be produced. Furthermore, some nemaiodes arc vectors of 
j>lant pathogens, and may be attacked by other beneficial 



05 



library derived from the target cell/organism. Inserts may be 
derived from genomic DNA or mRNA (e.g., cDNA and 
cRNA). Individual clones from the library can be replicated 
and then isolated in separate reactions, but preferably the 
library is maintained in individual reaction vessels (e.g., a 
96- well microliter plate) to minimize the number of steps 
required to practice the invention and to allow automation of 
the process. Solutions containing duplex RNAs that are 
capable of inhibiting the different expressed genes can be 
placed into individual wells positioned on a microliter plate 
as an ordered array, and intact cells/organisms in each well 
can be assayed for any changes or modifications in behavior 
or development due to inhibition of target gene activity. The 
amplified RNA can be fed directly to, injected into, the 
cell/organism containing ihe target gene. Alternatively, the 
duplex RNA can be produced by in vivo or in vitro tran- 
scription from an expression construct used to produce the 
library. The construct can be replicated as individual clones 
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of the library and transcribed to produce the RNA; each 
clone can then be fed to, or injected into, the cell/organism 
containing the target gene. The function of the target gene 
can be assayed from the effects it has on the cell/organism 
when gene activity is inhibited. This screening could be 
amenable to small subjects that can be processed in large 
number, for example: arabidopsis, bacteria, drosophila, 
fungi, nematodes, viruses, zebra fish, and tissue culture cells 
derived from mammals. 

A nematode or other organism that produces a 
colorimctric, fluorogemc, or luminescent signal in response 
to a regulated promoter (e.g., transfected with a reporter 
gene construct) can be assayed io an HTS format to identify 
DNA-binding proteins that regulate the promoter. In the 
assay's simplest form, inhibition of a negative regulator 
results in an increase of the signal and inhibition of a 
positive regulator results in a decrease of the signal 

If a characteristic of an organism is determined to be 
genetically linked to a polymorphism through RFLPor QTL 
analysis, the present invention can be used to gain insight 



shoots, bark, stems) may be sprayed with pesticide, the soil 
may be snaked with pesticide to access plant parts growing 
beneath ground level, or the pest may be contacted with 
pesticide directly. If pests interact with each other, the RNA 
may be transmitted between them. Alternatively, if inhibi- 
tion of the target gene results in a beneficial effect on plant 
growth or development, the aforementioned RNA, expres- 
sion construct, or trans fee ted organism may be considered a 
nutritional agent In either case, genetic engineering of the 
plant is not required to achieve the objectives of the inven- 
tion. 

Alternatively, an organism may be engineered to produce 
dsRNA which produces commercially or medically l>cnefi- 
cial results, for example, resistance to a pathogen or its 
pathogenic effects, improved growth, or novel developmen- 
tal patterns. 

Used as either an pesticide or nutrient, a formulation of 
the present invention may be delivered to the end user in dry 
or liquid form: for example, as a dust, granulate, emulsion, 
paste, solution, concentrate, suspension, or encapsulation. 



directly responsible for the characteristic. For example, a 
fragment defining the genetic polymorphism or sequences in 
the vicinity of such a genetic polymorphism can be ampli- 
fied to produce an RNA, the duplex RNA can be introduced 
to the organism, and whether an alteration in the character- 
istic is correlated with inhibition can be determined. Of 
course, there may be trivial explanations for negative results 
with this type of assay, for example: inhibition of the target 
gene causes lethality, inhibition of the target gene may not 
result in any observable alteration, the fragment contains 
nucleotide sequences that are not capable of inhibiting the 
target gene, or the target gene's activity is redundant. 

I Tic present invention may be useful in allowing the 
inhibition of essential genes. Such genes may be required for 
cell or organism viability at only particular stages of devel- 
opment or cellular compartments. The functional equivalent 35 
of conditional mutations may be produced by inhibiting 
activity of the target gene when or where it is not required 
for viability. The invention allows addition of RNA at 
specific times of development and locations in the organism 
without introducing permanent mutations into the target <*o 
genome. 

If alternative splicing produced a family of transcripts that 
were distinguished by usage of characteristic exons, toe 

present invention can target inhibition through the appro- _ _ 

priate exons to specifically inhibit or to distinguish among 45 model genetic organism Caenorhabditis elegan s.*- 
the functions of family members. For example, a hormone Introduction of RNA into eel Is ft ad been sec J m certa 

that contained an alternatively spliced transmembrane biological systems to interfere wit h mncrion of an endog - 
domain may be expressed in both membrane bound and enous gene l ' 2 . Many such effects < gerej believed to result 
secreted forms. Instead of isolating a nonsense mutation that 



with the formulation. The formulation might be used 
directly, but concentrates would require dilution by mixing 
with an extender provided by the formula tor or the end user. 
Similarly, an emulsion, paste, or suspension may require the 
23 end user to perform certain preparation steps before appli- 
cation. The formulation may include a combination of 
chemical additives known in the art such as solid carriers, 
minerals, solvents, dispersants, surfactants, emulsifies, 
tackifiers, binders, and other adjuvants. Preservatives and 
30 stabilizers may also be added to the formulation to facilitate 
storage. The crop area or plant may also be treated simul- 
taneously or separately with other pesticides or fertilizers. 
Methods of application include dusting, scattering or 
pouring, soaking, spraying, atomizing, and coating. The 
35 precise physical form and chemical composition of the 
formulation; and its method of application, would be chosen 
to promote the objectives of the invention and in accordance 
with prevailing circumstances. Expression constructs and 
transfected hosts capable of replication may also promote 
the persistence and/or spread of the formulation. 

Description of the dsRNA Inhibition Phenomenon 
in C. elegansj 

The operation of the present invention toasi snown in the 



enous gene Many such effects (Syerei believed 
from a simple antisense mechanism dependent on hybrid- 
terminates traaslation before the transmembrane domain, the 50 nation between injected single-stranded RNA and endog 
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functional consequences of having only secreted hormone 
can be determined according to the invention by targeting 
the exon containing the transmembrane domain and thereby 
inhibiting expression of membrane-bound hormone. 

The present invention may be used alone or as a compo- 
nent of a kit having at least one of the reagents necessary to 
carry out the in vitro or in vivo introduction of RNA to test 
samples or subjects. Preferred components are the dsRNA 
and a vehicle that promotes introduction of the dsRNA. Such 
a kit may also include instructions to allow a user of the kit 
to practice the invention. 

Pesticides may include the RNA molecule itself, an 
expression construct capable of expressing the RNA, or 
organisms transfected with (he expression construct. The 
pesticide of the present invention may serve as an 



enous transcripts. In oth er cases, a more , 
nism had been suggested, ^ 



,. : iu . m N A- mediated 

mechanism was) RNA interfere nce ffiN Ail phenomenon in (g fr (t+hn 

the nematode C. efegq/tf^RNAiftgfrpccn used ma variety — ' V — ^ 
of studies to manipulate gene expression 3 ' 4 . 



^ elegans many « 
the lack of a clear 



Despite the usefulness of RNAi in 
features had been difficult lo explain glstfr me lack ot a clear 
understanding of the critical requirements for interfering 
RNA led to a sporadic record of failure and partial success 
in attempts to extend RNAi beyond the earliest stages 
1 following injection. A statement frequently made in the 
literature was that sense and antisense RNA preparations are 
each sufficient to cause interference 3 *''. The only precedent 
tor such a si t uation was in plants w he re the 
( creuppressiorp had a similar history of uscfi 8 



^ .. icss in certain 

arachmcide, insecticide, nematicide, viricide, bactericide, 65 cases, I ai lure in others, and no ability to design interference 
and/or fungicide. For example, plant parts that are accessible protocols with a high chance of success. Working with C. 
| above ground (e.g., flowers, fruits, buds, leaves, seeds, elegans* we discovered an RNA structure that would give 
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effective and uniform gene lie inhibition. The prior art did 
not teach or suggest that RNA structure was a critical fe ature 
for inhibition of gene expression. Indeed the ability o^crude) 
sense and antisense preparations to produce interference 3 ' 4 
had been taken as an indication that RNA structure was not j 
a critical factor. Instead, the extensive plant literature and 
much of the ongoing research in C efegans was focused on 
the possibility that detailed features of the target gene 
sequence or its chromosomal locale was the critical feature 
for interfering with gene expression. 
fc/lS7> r t gt fv Vine inventoKV: are fully pari fled, sense or antisense RNA 
> L _^,for unc-22 ■aod tested each for A>eoc -specific inhibition) 
While the crude sense and antisense preparations had strong 
q fg fr interfering activity.Ht was found that the purifi ed sense and 
antisense RNAs had only martanal rinhimiorv^ activitv. This 
was unexpected because many techniques in molecular 
biology are based on the assumption that RNA produced 
with specific in vitro promoters (e.g., T3 or T7 RNA 
polymerase), or with characterized promoters in vivo, is 



were sufficient to allow complete inhibition. A long interval 
(>1 hour) between sequential injections of sense and anti- 
sense RNA resulted in a dramatic decrease in inhibitory 
activity. This suggests that injected single strands may be 
degraded or otherwise rendered inaccessible in the absence 
of the complementary strand. 

An issue of specificity arises when considering known 
cellular responses to dsRNA Some organisms have ; 
dsRNA-dcpendcm protein kinase th at activates a panit 



Conceivably. 4E^^^hei 



produced predominantly from a single strandTQTm foveninr * 
Jtajpcarried ouf*purificattoiff>f these crude preparationsjfo 
investigate whether a small fraction of the RNA bad an 
, — - unusual structure C which might be J responsible for the 
•* xSJ observed genetic inhibition.* To rigorously test whether 
double -stranded chara cter might contribute to genetic 



, 0 response 

antisense synergy could reflect a non-specific potentiation o . 
antisen se effects by such a panic mcchanism JiTiR was not 
toundJ to be the case: co-injection of dsRNA segments 
unrelated to unc-22 did not potentiate the ability of unc-22 
single strands to mediate inhibition. 7Uso investigated 1 
15 whet her double-stranded structure could porentiate^ 
torTh ctivitv when placed in cis to a single-stranded segment. 
No such potentiation was seen; unrelated double -stranded 
sequences located 5* or 3* of a 
segment did not stin^aie^mpibiUi 
20 (gene -specific inhibmonj fgas observed only) when dsRNA 
sequences exist within the region of homology with the 
target gene. 

The p be no type produced by unc-22 dsRNA was specific. 
Progeny of injected animals exhibited behavior mdist un- 
ci out additional purification of 25 guishabl e from characteristic unc-22 loss of function 
4 r mutants. ^Target-specificity of dsRNA effects using three 



-stranded unc-22 




inhibitk>] 

single-stranded RNAsand compared inhibitory activities of 
individual strands with that of the double -stranded hybrid. 

The following examples arc meant to be illustrative of the 
present invention; however, the practice of the invention is 
not limited or restricted in any way by them. 

Analysis of RNA- Mediated Inhibition of C. elegans] 
Genes / 

[The unc-22 gene was chosen for initial comparisons of 
activity as a result of previous genetic analysis that yields a 
semi-quantitative comparison between unc-22 gene activity 
and the movement phenotypes of animals 33 : decreases in 
activity produce an increasingly severe twitching p he no type, 
while complete loss of function results in the additional 
appearance of muscle structural defects and impaired motil- 
ity. unc-22 encodes an abundant but non-essential myofila- 
ment protein 7 " 9 , unc-22 mKNA is present at several thou- 
sand copies per striated muscle cell 3 . 



additional genes with well characterized phenotypes (FIG. 1 
and Table 1). unc-54 encodes a body wall muscle myosin 
heavy chain isoform required for full muscle contraction 7 ' 
11,12, fem-1 encodes an ankyr in- repeat containing protein 
required in hermaphrodites for sperm production , and 
hlh-l encodes a C. elegans homolog of the myoD family 
required for proper body shape and motility 15,16 . For each of 
these genes, injection of dsRNA produced progeny broods 
exhibiting the known null mutant phenolype, while the 
purified single strands produced no significant reduction in 
gene expression: With one exception, all of the phenotyp in- 
consequences of dsRNA injection were those expected from 
inhibition of the corresponding gene. The exception 
(segment unc54C, which ted to an embryonic and larval 
arrest phenolype not. seen with unc-54 null mutants) was 
illustrative. 1 his segment covers the highly conserved 
sin motor domain, and might have been expected toflnhibL 
£lhe)f&ctivity of other hignly related myosin heavy jham 



CI .Q5B. \Q. 



Purified antisense and sense RNAs coverin g a 742 nt genes . This interpretation would support uses of the 



requiring a very high dose of injected 



A for any ohserv- 
itisense mixture 



able effect 1G. 4} by contrast, a scrJ 
produced a highly effective inhibition of endogenous gene 
activity (FIG. 4). The mixture was at least two orders of 
magnitude more effective than cither single strand in inh] 



segment of* unc-22 had oniv marpinaAinfr jrnujry) activity. 45 present invention in which nucleotide sequence comparison 

:__„ _ ' J s J J , s " L of dsRNA and target gene show less than 100% identity. The 

unc54C segment has been unique in our overall experience 
to date: effects of 18 other dsRNA segments have all been 
limited to those expected from characterized null mutants. 
5 0 The strong phenotypes seen following dsRNA injection 
are indicative of inhibitory effects occurring in a high 
fraction of cells. The unc-54 and hlh-l muscle phenotypes, 
in particular, are known to result from a large number of 
defective muscle cells - 1,3 *. To examine inhibitory effects of 
55 dsRNA on a cellular leve 1/4" transgenic line expressing two" 
different GFP -de rived fluorescent reporter proteins in body 
muscle (was used/injection of dsRNA directed to gfp pro- 



iting gene expression. The lowest dose of the sci 
antisense mixture tested, approximately 60,000 molecules of 
each strand per adult, led to twitching phenotypes in an 
average of 100 progeny, unc-22 expression begins in 
embryos with approximately 500 cells. At this point, the 
original injected material would be diluted to at most a few 
molecules per cell 



The potent inhibitory activity of the sensefrntisense 
mixture could reflect formation of double-stranded RNA 
(dsRNA), or conceivably some alternate synergy between 
the strands. Electrophoretic analysts indicated that the 
injected material was predominantly double stranded. The 
dsKNA was gel purified from the annealed mixture and 
found to retain potent inhibitory activity. Although anneal- 
ing prior to injection was compatible with inhibition, it was 



I to gfp pro- 
duced dramatic decreases in the fraction of fluorescent cells 
(FIG. 2). Both reporter proteins were absent from the 
negative cells, while the few positive cells generally 
expressed both GFP forms. 

The pattern of mosaicism observed w ith gfp inhibition 
was not random. At low doses of dsRNA ilhe inventorsl saw" 
frequent inhibition in the c rob ryoni tally-derived muscle 



cells present when the animal hatched. The inhibitory effect 
not necessary. Mixing of sense and antisense RNAs in low « in these differentiated cells persisted through larval growth: 
salt (under conditions of minimal dsRNA formation), or these cells produced little or no additional GFP as the 
.rapid sequential injection of sense and antisense strands, affected animals grew. Che 14 paste mbryonically-derived 
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striated muscles arc born during early larval stages and were 
more resistant to inhibition. These cells have come through 
divisions (13-14 versus 8-9 for embry onic 
,v ). Al high concentrations of gfp dsRNA/Inhi- 
»i(ion"^!vas notecQin virtually all striated bodywall muscles, 
with occasional single escaping cells including cells born in 
embryonic or posiembryonk stages. The nonstriated vulval 
muscles, bom during late larval development, appeared 
resistant to genetic inhibition at all tested concentrations of 
injected RNA. The latter result is important for evaluating 
the use of the present invention in other systems. First, it 
indicates that failure in one set of cells from an organism 
docs not necessarily indicate complete no n- applicability of 
the invention to that organism. Second, it is important to 
realize that not all tissues in the organism aeed to be affected 
for the invention to be used in an organism. This may serve 
as an advantage in some situations. 

A few observations serve to clarify the nature of possible 
targets and mechanisms for RNA- media ted genetic inhibi- 
tion in C. elegans: 

First, dsRNA segments corresponding to a variety of 
tntron and promoter sequences did not produce detectable 
inhibition (Table 1). Although consistent with possible inhi- 
bition at a post-transcript tonal level, these experiments do 
not rule out inhibition at the lev el of the gene. 

SecondftlsRNA injection fffoTruceg a dramatic decrease in 
the level of the endogenous raRN A transcript (FIG. 3). Here, 
anscript that is abundant in the gonad and early 
7was targeted) where straightforward in situ 



hybridization can he performed^ No endogenous mex-3 
mRNA was observed in a nun a Is injected wit h a dsRNA 
segment derived from mex-J ^Fld. 3D), but/ injection of 
purified mex-3 antisense RNA resulted in animals, that 



ajstha 



retained substantial endogenous mRNA levels (FIG. 

Third, dsRN A- mediated inhibition showed a surprising 
ability to cross cellular boundaries. Injection of dsRNA for 
unc-22, gfp, or lacZ into the body cavity of the bead or tail 
produced a specific and robust inhibition of gene expression 
in the progeny brood (Table 2). Inhibition was seen in the 
progeny of both gonad arms, ruling out a transient "nicking" 
of the gonad in these injections. dsRNA injected into body 
cavity or gonad of young adults also produced gene -specific 
inhibition in somatic tissues of the injected animal (Table 2). 
f Table 3 shows that C. elegans can respond in a gene- 
specific manner to dsRNA encountered in the environment. 
Bacteria arc a natural food source for C c lagans. The 
bacteria are ingested, ground in the animal's pharynx, and 
the bacterial contents taken up in the gut. The results show 
that E. coli bacteria expressing dsRNAs can confer specific 
inhibitory effects on C. elegans nematode larvae that feed on 
them. 

1 hrce C. elegans genes were analyzed. For each gene, 
corresponding dsRNA was expressed in F.. colt by inserting 
segment of the coding region into a plasmid construct 
designed for bidirectional transcription by bacteriophage T7 
RNA polymerase. The dsRNA segments used for these 
experiments were the same as those used in previous micro- 
injection experiments (see FIG. 1). The effects resulting 
from feeding these bacteria to C. elegans were compared to 
the effects achieved by microinjecting animals with dsRNA. 

The C. elegans gene unc-22 encodes an abundant muscle 
filament protein, unc-22 null mutations produce a charac- 
teristic and uniform twitching phenotype in which the ani- 
mals can sustain only transient muscle contraction. When 
wild-type animals were fed bacteria expressing a dsRNA 
segment from unc-22, a high fraction (85%) exhibited a 
weak but still distinct twitching phenotype characteristic of 
partial loss of function for the unc-22 gene. The C. elegans 
fcm-1 gene encodes a late component of the sex determi- 



nation pathway. Null mutations prevent the production of 
sperm and lead euploid (XX) animals to develop as females, 
while wild type XX animals develop as hermaphrodites. 
When wild-type animals were fed bacteria expressing 
5 dsRNA corresponding to fem-1, a fraction (43%) exhibit a 
sperm-less (female) phenotype and were sterile. Finally, the 
ability to inhibit gene expression of a transgene target was 
assessed. When animals carrying a gfp transgene were fed 
bacteria expressing dsRNA corresponding to the gfp 
10 reporter, an obvious decrease in the overall level of GFP 
fluorescence was observed, again in approximately 12% of 
the population (sec FIG. 5, panels B and C). 

The effects of these ingested RNAs were specific. Bac- 
teria carrying different dsRNAs from fem-1 and gfp pro- 
duced no twitching, dsRNAs from unc-22 and fem-1 did not 
reduce gfp expression, and dsRNAs from gfp and unc-22 did 
not produce females. These inhibitory effects were appar- 
ently mediated by dsRNA: bacteria expressing only the 
sense or antisense strand for either gfp or unc-22 caused no 
evident phenotypic effects on their C. elegans predators. 
20 Table 4 shows the effects of bathing C. elegans in a 
solution containing dsRNA. Larvae were bathed for 24 
hours in solutions of the indicated dsRNAs (1 mg/ml), then 
allowed to recover in normal media and allowed to grow 
under standard conditions for two days. The unc-22 dsRNA 
35 was segment ds-unc22A from FIG. 1. pos-1 and sqt-3 
dsRNAs were from the full length cDNA clones, pos-1 
encodes an essential maternally provided component 
required early in embyogenesis. Mutations removing pos-1 
activity have an early embryonic arrest characteristic of 
jo skn-likc mutations^ . Cloning and activity patterns for 
sqt-3 have been described 31 . C. elegans sqt-3 mutants have 
mutations in the col-1 collagen gene 31 . Phcnotypcs of 
affected animals are noted. Incidences of clear phenotypic 
effects in these experiments were 5-10% for unc-22, 50% 
35 for pos-1, and 5% for sqt-3. These are frequencies of 
unambiguous phenocopies; other treated animals may have 
had marginal defects corresponding to the target gene that 
were not observable. Each treatment was fully gene-specific 
in that unc-22 dsRNA produced only Unc-22 phenotypes, 
pos-1 dsRNA produced only Pos-1 phenotypes, and sqt-3 
40 dsRNA produced only Sqt-3 phenotypes. 

Some of the results described herein were published after 
the riling of our provisional application. Those publications 
and a review can be cited as Fire, A., et al. Nature, 391, 
806-811, 199g; Timmons, U & Fire, A. Nature, 395, 854, 
45 1998; and Montgomery, M. K. & Fire, A. Trends in 
Genetics, 14, 253-258, 1998. ) 

The effects described herein significantly augment avail-' 
able loots fur studying gene function in C. elegans and other 
organisms. In particular, functional analysis should now be 
>° possible for a large number of interesting coding regions 21 
for which no specific function have been defined. Several of 
these observations show the properties of dsRNA that may 
affect the design of processes for inhibition of gene expres- 



sioo. For example, fene case was! observed* in which 
55 nucleotide sequence shared between several myosin genes 
may inhibit ge ne expression of several members of a related 
gene family. )+ — - " 



'MP 



Or* 1^ 3 



65 



Melhods(of)$NA Synthesis and Microinjection ^S^) 

RNA was synthesized from phage mid clones with T3 and 
17 RNA polymerase 0 , followed by template removal with 
two sequential ONase treatments. In cases where sense, 
antisense, and mixed RNA populations were to be 
compared. RNAs were further purified by electrophoresis on 
low-gcUing-temperature agarose. Gel- purified products 
appeared to lack many of the minor bands seen in the 
original "sense" and "antisense" preparations. Nonetheless, 
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RNA species accounting for less than 10% of purified RNA 
preparations would not have been observed. Without gel 
<77tt « purification, the ** sen gie" and "anlLsepsc" prep arations pro- 

J ilimtid sitfnifieamTjnrijhirjffi, j rjkTitUpibitorV> activity was 

reduced or eliminated upon gel purification. By contrast, 
sense+antisense mixtures of gel purified and non-gel- 
nurified RNA preparations produced identical effects. 
Ji *P*t 'Following a short (5 minute} treatment at 68° C. to 
° (It!/ remove secondary structure .^erJq^ntisense annealing was 
carried out in injection buffer 27 at 37* C. for 10-30 minutes. 
Formation of predominantly double stranded material was 
confirmed by testing migration on a standard (non- 
cJcnaturing) agarose gel: for each RNA pair, gel mobility was 
shifted to that expected for doubk-slranded RNA of the 
appropriate length. Co-incubation of the two strands in a 
low-salt buffer (5 mM Tris-HCl pH 75, 0.5 mM EDTA) was 
insufficient for visible formation of double-stranded RNA in 
O (TZb vitro. Non-annealed serise+antgrae RNAs for unc22B and 
gfpG were tested for inhibitory fcffecp and found to be much 
more active than the individual single strands, but 2-4 fold 
less active than equivalent pre-annealcd preparations. 

After pre -annealing of the single strands for unc22A, the 
single electro pboretic species corresponding in size to that 
expected for dsRNA was purified using two rounds of gel 
electrophoresis. This material retained a high degree of 
inhibitory activity. 

Except where acted, injection mixes were constructed so 
animals would receive an average of 0.5x10* to 1.0x10° 
molecules of RNA. For comparisons of sense, antisense, and 
JsRNA activities, injections were compared with equal 



20 

ity is observed among progeny. First, there is a short 
"clearance" interval in which unaffected progeny are pro- 
duced. These include impermeable fertilized eggs present at 
the time of injection. After the clearance period, individuals 
are produced which show the inhibitory phenotype. After 
injected animals nave produced eggs for several days, 
gonads can in some cases "revert" to produce incompletely 
affected or phe no typically normal progeny. ^ G&Q 

(Additional Description of the Results _(7eTj) 
( FIG. I shows genes used to study RNA-mediated genetic 
inhibition in C. e/egans. Intron-exon structure for genes used 
to test RNA-mediated inhibition are shown (exons: filled 
boxes; introns: open boxes; 5' and 3' untran slated regions: 



shaded, (sequence references are as foUowsr/unc-22 1 *, unc- 
54 l2 f fem-1 14 , and hlh-1 13 ). These genes were chosen based 
on: (1) a denned molecular structure, (2) classical genetic 
data showin g the nature of the null phenotype. Each seftm^nt 
tested forfinhlbitory o^signatedwith the nam*. r»f 

the gene followed by a single letter (e.g., unc22C). Segments 
20 derived from genomic DNA are shown above the gene, 
segments derived from cDNA are shown below the gene. 
The consequences of injecting double -stranded RNA seg- 
ments for each of these genes is described in Table 1. dsRNA 
sequences from the coding region of each gene produced a 
p henotype resembling the null phenotype for that gene. 

jHflfcfifff inhibitory gNAfffe re analyzeojfn individual 



3. 2, panels A-H)l 1 n,ese experiments were carried 



out m a reporter strain (called PD4251) expressing two 
different reporter proteins: nuclear GFP-LacZ and mito- 



masses of RNA ( i.e., dsRNA at half the molar concentration 30 chondrial GFP, both expressed in body muscle. The fluo- 
rescent nature of these reporter proteins allowed us to 
examine individual cells under the fluorescence microscope 
to determine the e xtent and generality of the observed 
inhibition of gene.(ds-unc22A RNA was injected as a 
negative control. GFP expression in progeny of these 



of the single strands). Numbers of molecules injected per 
adult are given as rough approximations based on concen- 
tration of RNA in the injected material (estimated from 
ethidium bromide staining) and injection volume (estimated 
from visible displacement at the site of injection). A vari- 
ability of several-fold in injection volume between indi- 
vidual animals is possible; however, such variability would 
not affect any of the conclusions drawn herein. 



^(Methods for)\nalysis of Phe no types 

Inhibition of endogenous genes was generally assayed in 
wild type genetic background (N2). Features analyzed 
included movement, feeding, hatching, body shape, sexual 
identity, and fertility. Inhibition with gfp~ 7 and UcZ activity 



injected animal s was not affectcdHpjftjhr' pattemsfSf these 
progenyJappeai^fiffdenUcal to the parent strain, witn promi- 
nent fluorescence in nuclei (the nuclear localized GFP- 
LacZ) and mitochondria (the mitochondrially targeted 
GFP| young larva (FIO. 2A), adult (FIG. 23% and adult 
40 bo dy wall at h i gh magnification {FIG. 2Q, ) 
(In! 



<JSf$ 



i contrast, tbjr^rogeny of ani mals injected with ds-gfpG 
(RNA are affected (FIGS. 2D-F}jubservable GFP flupi 
cence is completely absent in over 95% of the cells. m 
active cells were seen in larvae (FIG. 2D shows a larva with 



was assessed using strain PD4251. This strain is a stable 45 one active cell; uninfected controls show GFP activity in all 

8 1 body wall muscle eclb) JTahibirioD aS^fftot effective in all 



transgenic strain containing an integrated array (ccls425l) 
made up of three pi asm ids; pSAK4 (rayo-3 promoter driving 
mitochondrially targeted GFP), pSAK2 (myo-3 promoter 
driving a nuclear targeted GFP-LacZ fusion), and a dpy-20 
subclone 20 as a selectable marker. This strain produces GFP 
in all body muscles, with a combination of mitochondrial 
and nuclear localization. 'l"he two distinct compartments are 
easily distinguished in these cells, allowing a facile distinc- 
tion between cells expressing both, either, or neither of the 
original GFP constructs. 

Gonadal injection was performed by inserting the micro- 
injection needle into the gonadal syncitium of adults and 
expelling 20-100 pi of solution (see Reference 25). Body 
cavity injections followed a similar procedure, with needle 
insertion into regions of the head and tail beyond the 
positions of the two gonad arms. Injection into the cyto- 
plasm of intestinal cells was another effective means of RNA 
delivery, and may be the least disruptive to the animal. After 
recovery and transfer to standard solid media, injected 
animals were transferred to fresh culture plates at 16 hour 



tissues: the entire vulv al mit 
in an a dult anjmajffl JS 
musclcjfcc Us jfre re also 



wiwn in TR i. zui 




:u la ture< 
•Rare GFP 



active GFP 



.an una 



P positive(body wall 
aisMwo active ce*ns 

in. was larcvt sp ecific <figs* 

with ds-lacZL UNA, wmcu" 



j 2CyjjAnimals 

should affect the nuclear but not the mitochondrial reporter 
construct. In the animals derived from this injection. 



mitochondrial -targe led GFP ap] 
nuclear-targeted GFP-LacZ 



arcd unaffected while ihe 
bsent from almost all cells 



• tfarva in FIG. 2ll\ CV 5E!Su3£D Lg^EBSESEEj r^ 7 , 
*\D almost all body- wall muscles but retained croiv it yj in 



v ulval musclesflFlGT^rDJScale bars(uf FIG. l>rc jfl/im 
^ncjeffects of double-stranded RNA co rresponding to 
mex-3 on levels of the endogenous mRNA^vas shown by m 
situ hybridization to embryos (FIG. 3, panels A-D).}The 
1262 nt mex-3 cDNA clone- 0 was divided into two 
segments, mex-3 A and mex3B with a short (325 nt) overlap. 
Similar results were obtained in experiments with no overlap 
between inhibiting and probe segments. mcx-3B antisense 
intervals. This yields a series of semi-synchronous cohorts in or dsRNA was injected into the gonads of adult ani 
which it was straightforward to identify phenotypic differ- which were fa^iotai i tfd under standard culture conditio, 
enccs. A characteristic temporal pattern of phe no ty pic sever- 24 hours be fore uxai ion and in situ hybridization (see 
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Reference 5). The mex-3B d&RNA produced 100% embry- 
onic arrest, while >90% of embryos from the anttsense 
injections batched. Antiscnse probes corresponding to mex- 
3 A were used to assay distribution of the endogenous mex-3 



m RNA (dark stain). Four-cell stage emDrvo^were as^AVKla 
similar re sults were ob served frog tbe 1 to 8 cell stage and 



in the gcrmlime of injected adullsf me negative control (the 1 
absence 51 hybridization probe) snowed a lack of staining! 
(HO. 3A). Embryos from uninfected parents showed al 
normal pattern of endogenous mex-3 RNA (FIG. 3B). Tbe I 
observed pattern of mex-3 RNA was as previously described I 
in Reference 20. Injection of purified mex-3B anttsense I 
RNA produced at most a modest effect: the resulting! 
embryos retained mex-3 rnRNA. although levels may navel 
been somewhat less than wild type (FIG. 3C). In contrast, noj 
mex-3 RNA was detected in embryos from pa rents iniecte df 
with dsRNA corresponding to mex-3 i FIG. 3D>lThe scalefcf 



1G. 3/is such that each embryo is approximately 50 fan in 
length. 



inhibitory actrvity Hr^ uoc-22A RNA^as 

measurecyas a rune t ion or\RN Ajstructure and concentration 
J-*fc(FIG. 4} Purified antiscnse and sense RNA from unc22A 
were injected individually or as an annealed mixture. "Con- 
troT was an unrelated cbRNA(gfpG). Inje cted animals were 

■ JBSgf j hour 

1), 15 hours (columns labeled 2)727 hours (columns labeled 

3), 4i houjfljjtetonna lafaskd 4). and Sfi haun (columns 



transferred to fresh culture pfllesff hours (columns labeled 



labeled Sfl after injection. Progeny grown to adulthood were 
scored tor movement in their growth environment, then 
examined In 0.5 mM levamisole. The main graph indicates 
fractions in each behavioral class. Embryos in the uterus and 
already covered with an eggshell at the time of injection 

jvyvre avrt dfcgted and, li ma, are a ssf included in the graph. 

yTie) bottom -IeIi*diagrajrr|SE2? vhe> genetically derived 
relationship between unc-22 gene dosage and behavior 
based on analyses of unc-22 betero zygotes and polyploids 0 * 

j. 

• ^FIGS. 3A-C show a process and examples of genetic 
inhibition following ingestion by C. elegans of dsRNAs 
from expressing bacteria. A general strategy for production 
of dsRNA is to clone segments of interest between flanking 
copies of tbe bacteriophage T7 promoter into a bacterial 
plasmid construct (FIG. 5A). A bacterial strain (BL21/DE3) 
~ H expressing the T7 polymerase gene from an inducible 
(Lac) promoter was used us a host. A nuclease* resistant 
dsRNA was detected in lysates of transfected bacteria. 
Comparable inhibition results were obtained with the two 
bacterial expression systems. A GFP-expressmg C. elegans 
strain, PD4251 (see FIG. 2), was fed on a native bacterial 
host 1 hese animals show a uniformly high level of OFP 
fluorescence in body muscles (FIG. 5B). PD4251 animals 
were also reared on a diet of bacteria expressing dsRNA 
corresponding to the coding region for gfp. Under the 
conditions of this experiment, 12% of these animals showed 
dramatic decreases in GFP (FIG. 5C). As an alternative 
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strategy, single copies of the T7 promoter were used to drive 
expression of an inverted-duplication for a segment of the 
target gene, cither unc-22 or gfp. This was comparably 
effective. ) - ; 

All (references (e.g. J books, artkles,(fppJications, )artd 
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TABLE 1 

tflccU of sense, amfocnac, and mixed 
RNAa on proaenv of Injected animal 

'•cm and Segment Size Injected RNA Fl Phenotype 



■>nc-22 uoc-22 aull mutants: strong tw itchera 7 -* 



twc22A* exon 21-22 742 sense wild type 

anttsenae **nld type 

scnae ♦ antiscnse strong twitchera (1000b) 

unc22B cxon27 I0J3 sense wild typo 

actiscQM wild type 
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TABLE 1 -continued 



Pffects of sense, aorisense, and mixed 
3NAs on procenv of injected aaimsla. 



Gene and Segment Son Injected RNA Fl Phenotype 





exoo 21-22* 


sense + a ot issues 


strong tvritcbera (100%) 


unc22C 


785 sense ♦ snrisenaa 


strong twitches (100%) 


tcot 






fem-1 null mutants: female (no sperm)'* 


fernlA 


c«on 10* 


531 *nse 


bermaphrodtle (98%) 






juttseose 


hcrmaphiodite (>98%) 






sense + antisense 


female (72%) 


tern IB 


intron 8 


556 sense *■ Anrisense 


hermaphrodite (>98%) 


unc-54 






unc-54 null mutants: paralyzed' " 


unc54A 


exoa 6 


576 sense 


wOd type (100%) 






» arise as* 


wild type (100%) 






sense ♦ antisense 


paralyzed (100%)* 


uoc54B 


cms 6 


651 sense 


'•wild type (100%) 








wild type (100%) 






sense + anrisense 


paralyzed (100%)* 


unc54C 


trson 1-5 


1015 sense + aausease 


arrested embryos and larvae (100%) 


unc54D 


promoter 


567 sense 4- antisense 


wOd tvpe (100%) 


i:nc54E 


inrron 1 


369 sense + antisenae 


wild tvpe (J 00%) 


unc54F 


Intron 3 


386 sense + antisense 


wild type (100%) 


hlh-1 






hlh-1 null mutants: lumpy-dumpy larvae 4 * 


h/hlA 


exoa* 1-0 


1UJ3 sense 


wild type (<2% Ipy-dpy) 






•intiseoae 


wOd type (<2% Ipy-dpy) 






sense ♦ aatiaense 


Ipy-dpy larvae (>90*Jj)* 


nlhlR 


exoas 1-2 


438 sense +■ antisense 


Ipy-dpy larvae (>*«)%/ 




exon 4-6 


299 sense ♦ antisense 


Ipv-dpy larvae (>«0%f 


hthlD 


intron 1 


097 sense ♦ antisense 


wild type (<2% Ipy-dpy) 


ayo-3 driven GFP tmnag ears' 




makes nuclear GFP in body muscle 


my©- J: : Nl JS: rgfjp : :lacZ 








exons 2-5 


730 sense 


nuclear GFP-LacZ pattern of parent scrain 






antisense 


nuclear GFP-LacZ pattern of parent strain 






sense > antisense 


nuclear GFP-LacZ absent in 98% of celts 


lacZL 


exoa 12-14 


830 sense + anrisense 


nuclear GFP-LacZ absent in >95% of cells 


tnvo-3::MH5::gfp 




makes mitochondrial GFP in body muscle 




exons 2-5 


730 sense 


mitochondrial GFP pattern of parent strain 






untiaense 


mitochondrial GFP pattern of parent strain 






sense *■ antisense 


mitochondrial GFP absent in 98% of celts 


bcZJL 


eson 12-14 


330 sense + antisense 


mitochondrial GFP partem of parent strain 



Legend of Table 1 catc partial inhibition of unc-54 activity in vulval muscles. 

Each RNA was injected into 6- 10 adult tennaphrodites 45 Animals from later broods frequently exhibit a distinct 
(0.5-lxlO molecules into each gonad arm). After 4-6 hours partial loss^f-function phenotype. with contractility in a 
(to clear pre-fertilized eggs from the uterus) injected animals subscl of ^ wa „ muscles . 
were transferred and eggs collected for 20-22 hours. Prog- 
uny phertotypes were scored upon batching and subse- 
quently at 12-24 hour intervals. c: Genotypes of hlh-1 inhibitory RNA include arrested 

a: To obtain a semi-quantitative assessment of the re la- 50 embryos and partially elongated LI larvae (the hih-l null 

tionship between RNA dose and phenotyptc response, we phenotype) seen in virtually all progeny from injection of 

injected each unc22A RNA preparation at a series of differ- ds-hlhlA and about half of the affected animals from 

em concentrations. At the highest dose tested (3.6xl0 6 ds-hlhlB and ds-hlhlC) and a set of less severe defects (seen 

molecules per gonad), the individual sense and antisense with the remainder of the animals from ds-hlhlB and 

unc22A preparations produced some visible twitching (1% 55 ds-hlhlC). The less severe pbenotypes are characteristic of 

and 11% of progeny respectively). Comparable doses of partial loss of function for hlh-1. 
ds-unc22A RNA produced visible twitching in all progeny, 

while a 120- fold lower dose of ds-unc22A RNA produced f . « . . - „ . . , Dri .- C1 , , 

visible twitching in 30% of progeny. JJJ" '"J* 6 " l ' ' ^X ? 1 rcSSeS 11 hol,1 

b: unc22C also carries tbeTervening intron (43 nt). *> ™<ochondnal GFP and nuclear GFP-UcZ. Yhm aUows 

c: femlA also carries a portion 1131 nt) o f intron 10. simultaneous assay for inhibition of gfp (loss of aU 

' 7: Animals in the first affected r^oodsTfaj^al 4-24 hours fluorescence) and lacZ (loss of nuclear fluorescence). The 

after injection) showed movement defects indistinguishable tab * c Ascribes scoring of animals as LI larvae. ds-gfpG 

from tnttse of null mutants in unc-54. A variable fraction of caused a loss of GFP in all but 0-3 of the 85 body muscles 

these animals (25-75%) failed to lay eggs (another pheno- 65 in these larvae. As these animals mature to adults,. GFP 

type of unc-54 null mutants), while the remainder of the activity was seen in 0-5 additional bodywall muscles and in 

paralyzed animals were egg-laying positive. This may indi- the eight vulval muscles. 
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TABLE 2 

Effect of injection point no genetic inbfhiUon in injected animals and their proyqy 

dsRNA Site of injection Injected animal pbenotype Progeny Phcnotypc 

None gonad oi body cavity oo rwitchiog ao twitching 

Nona gonad or body cavity strong nuclear A mitochondrial GPP strong nuclear A mitochondrial GFP 

uoc22B Gonad weak rwitcbefs Uroog twitcher* 

unc22B Body Cavity Head weak twitcbers it rang twitcher* 

unc22B Body Cavity Tail weak twitcbers strong twitchert 

gfpO Gonad lower nuclear & milochondrial GFP rare or abaent nuclear A mitochondrial GFP 

gfcO Body Cavity Tail lower nuclear ft mitochondrial GFP rare or absent nuclear & mitochondrial GFP 

tacZL Gonad lower nuclear GFP tare or absent nuclear GFP 

lacZL Body Cavity Tail lower nuclear GFP rare or ahaeift nuclear GFP 



TABLE 3 



C. elegant can respond i 



Bacterial Food 



Movement 



GFP-Tmnageoe 
Genniine Pbenotype Expression - 



BL21(DE3) 
BL2i(DE3) 
[fem-1 dsRNA] 
BUl(DEJ) 
|unc22 dsRNA] 
BL21(DEJ) 
[grp dsRNA] 



05b twitch 
0% twitch 



<1% female 
43% remain 



<1* female 
<1% female 



<l% faim GFP 
<l% taint OFP 



<l% faim GFP 
12% faint GFP 



TABLE 4 



Effect*, of bathing C. Organs in a fiofurion containing daRNA. 
dsKNA Biological effect 

unc-22 TWiiching (similar to partial loan of uoc-22 ru action) 

pos-i Embryonic arrest (similar to lose of poa-1 function) 

sqt-3 Shortened body (Dny) (similar to partial loss of .iqt-3 (unction) 



In Tabic 2)gonad injections were carried out info the GFP 
reporter strain PD4251 , which expresses both mitochondrial 
GFP and nuclear GFP-LacZ. This allowed simultaneous 
assay of inhibition with gfjp (fainter overall fluorescence), 
lacZ (loss of nuclear fluorescence), and unc-22 (twitching). 
Body cavity injections were carried out into the tail region, 
lo minimize accidental injection of (he gonad; equivalent 
results have been observed with injections into the anterior 
region of the body cavity. An equivalent set of injections was 
also performed into a single gonad arm. For ail sites of 
injection, the entire progeny brood showed phenotypes 
identical to those described in Table 1. This included prog- 
eny produced from both injected and uninjected gonad arms. 
Injected animals were scored three days after recovery and 
showed somewhat less dramatic phenotypes than their prog- 
eny. This could io part he due to the persistence of products 
already present in the injected adult. After ds-unc22B 
injection, a fraction of the injected animals twitch weakly 
under standard growth conditions (10 out of 21 animals), 
fxvamisole treatment led lo twitching of 100% (21/21) of 
these animals. Similar effects were seen with ds-unc22A 
Injections of ds-gfpG or ds-lacZL produced a dramatic 
decrease (hut not elimination) of the corresponding GFP 
reporters. In some cases, isolated cells or parts of animals 
retained strong GFP activity. These were most frequently 
seen in the anterior region and around the vulva. Injections 
of ds-gfpG and ds-lacZL produced no twitching, while 
injections of ds-unc22A produced no change in GFP fluo- 
rescence pattern. 



While the present invention has been described in con- ^ — ^ 
nectioo with what is presently considered to be practical and Olfj £ 3 
preferred embodiments, it is understood that thennvention is 
not to be limited or restricted to the disclosed embodiments 
but, on the contrary, is intended to cover various modifica- 
tions and equivalent arrangements included within the spirit 
and scope of the appended claims. 

Thus it is to be understood that variations in the described 
invention will be obvious to those skilled in the art without 
departing from the novel aspects of the present invention 
and such variations are intended to come within the scope of 
the present invention. 
We claim; 

t. A method to inhibit expression of a target gene '"a cell £7^ 
30 {in vitrojcomprising introduction of a ribonucleic acid ( RNA) 

into the cell in an amount sufficient t o inhibit expression of fiT Sfl «o fjT© C 
the target gene, wherein the RNA(gp> "ouble-slrandediT— ^ > >< — w 
(molecule with ft first strand consisting essentially of a 
ribonucleotide sequence which corresponds to a nucleotide 
sequence of the target gene and a second strand consisting 
essentially of a ribonucleotide sequence which is comple- 
mentary to the nucleotide sequence of the target gene, 
wherein the first and the second ribonucleotide strands are 
separate complementary strands that hybridize to each other 
) to form said double -stranded molecule, and the double- 
stranded molecule inhibits expression of the target gene. ) 

2. The method of claim 1 in which the target gene is a 
cellular gene. 

3. The method of claim 1 in which the target gene is an 
endogenous gene. 

4. The method of claim 1 in which the target gene is a 
transgene. 

5. The method of claim 1 in which the target gene is a viral 
gene. 

6. The method of claim 1 in which the cell is from an 
animal. 

7. The method of claim t in which the cell is from a plant. 

8. 'I Tie method of claim 6 in which the cell is from an 
invertebrate animal. 

9. The method of claim 8 in which the cell is from a 
nematode. ■ 

10. The method of claim t in which thc/hrst ribonucle- 
otide sequence comprises at least 25 bases which correspond 
to the target gene and the second ribonucleotide sequence 
comprises at least 25 bases which are complementary to the 
nucleotide sequence of the target gene.^ 

11. The method of claim 1 in which the target gene 
expression is inhibited by at feast 10% 

12. A method to inhibit expression of a target gene in an 



55 



LI 



invertebrate organism comprising: 
(a) providing an invertebrate organism containing a target 
cell, wherein the target cell contains the target gene and 
the target cell is susceptible to KNA interference, and 
(he target acne is expressed in the target cell; 
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(b) contacting said invertebrate organism with a ribo- 
nucleic acid (RNA), wherein the RNA is a double 
stranded molecule with a first strand consisting essen- 
tially of a ribonucleotide sequence which corresponds 
to a nucleotide sequence of the target gene and a second 
strand consisting essentially of a ribonucleotide 
sequence which is complementary to the nucleotide 
sequence of the target gene, wherein the first and the 
second ribonucleotide sequences are separate comple- 
mentary strands that hybridize to each other to form the 
double -stranded molecule; and 

(c) introducing the RNA into the target cell, thereby 
inhibiting expression of the target gene. 

13. The method of claim 12 in which the organism is a 
nematode. 

14. The method of claim 13 in which a formulation 
comprised of the RNA is applied on or adjacent to a plant, 
and disease associated with nematode infection of the plant 
is thereby reduced. 

15. The method of claim 12 in which said double -stranded 
ribonucleic acid structure is at least 25 bases in length and 
each of the ribonucleic acid strands is able to 
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hybridize to a deoxyribonucleic acid strand of the target 
gene over the at least 25 bases. 

16. The method of claim 12 in which the expression of the 
target gene is inhibited by at least 10%. 

17. The method of claim 12 in which the RNA is intro- 
duced within a body cavity of the organism and outside the 
target cell. 

18. The method of claim 12 in which the RNA is intro- 
duced by extracellular injection into the organism. 

19. The method of claim 12 in which the organism is 
contacted with the RNA by feeding the organism food 
containing the RNA 

20. The method of claim 19 in which the food comprises 
a genetically-engineered host transcribing the RNA 

21. The method of claim 12 in which at least one strand 
of the RNA is produced by transcription of an expression 
construct. 

22. The method of claim 21 in which the organism is a 
nematode and the expression construct is contained in a 
plant, and disease associated with nematode infection of the 
plant is thereby reduced. 
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Differences Between U.S. Patent No. 6,506,559 Bl , issued 
January 14, 2003 ("Fire et al . Patent'') and U.S. Provisional 
Application No. 60/068,562, filed December 23, 1997 
("Fire et al. Provisional") 

• ( ) indicates text which appears only in Fire et al. 
Patent 

• [ ] indicates text which appears only in Fire et al. 
Provisional 

• In Provisional is . . " indicates text found in both Fire 
et al . Patent and Fire et al. Provisional, but with changes 
in Fire et al . Patent. 

• { } gives more specific location of the text in the 
Provisional, where the text in the Fire et al . Patent does 
not follow the same order as the Fire et al . Provisional. 

1. In Provisional is " : " 

2. In Provisional is 

3. Provisional only 

[, presented in the literature over the last few 
month, ] 

4. In Provisional is xx . However" 

5. Patent only 

(been used to) 

6. In Provisional is "inhibited" 

7. Patent only 

(The extreme . . . formation) 

8. Provisional only 

[These distinctions ] 

9. Provisional only 

[and non- replica ting] 

10. Provisional only 

[The process may be practice ex vivo or in vivo.] 



Differences Between Fire et al . Patent and Fire et al . 

Provisional 

Page 2 of 23 



11. Provisional only 

[(i.e., a cellular gene)] 

12. Provisional only 

[(i.e., a cellular gene present in the genome)] 

13. Provisional only 

[(i.e., a gene construct inserted at an ectopic site in 
the genome of the cell) ] 

14. Provisional only 

[viral ] 

15. Patent only 

(of a pathogen) 

16. Provisional only 

[(e.g., at least 10%, 20%, 50%, 75%, 90%, or 95% of 
targeted cells) ] 

17. Provisional only 

[target gene transcription, ] 

18. Provisional only 

[, ] 

19. In Provisional is "multiple" 

20. Provisional only 

[Fully duplex RNA lacks an unpaired region with single- 
stranded structure. ] 

21. Provisional only 

[(e.g., at least 5, 10, 100, or 1000 copies per cell)] 

22. In Provisional is "are" 

23. Provisional only 

[ (see Gribskov and Devereux, Seguence Analysis Primer, 
Stockton Press, 1991, and references cited therein) ] 
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Provisional 
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24. Provisional only 

[Greater than 90% sequence identity, or even 100% 
sequence identity, between the inhibitory RNA and 
target gene is preferred for the identical nucleotide 
sequences . ] 

25. Provisional only 

[(e.g., 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 
50°C or 70°C for 12-16 hr) . The length of the 
identical nucleotide sequences may be at least 25, 50, 
100, 200 or 400 nucleotides] 

26. Patent only 

(protozoan . . . or) 

27. Provisional only 

[or yeast] 

28. In Provisional is "vector" 

29. Provisional only 

[(e.g., promoter, enhancer, silencer)] 

30. In Provisional is "is" 

31. In Provisional is "or" 

32. Patent only 

(, introduced . . . affected) 

33. In Provisional is "are preferred such as" 

34. Patent only 

(directly) 

35. In Provisional is "of a solution containing the RNA." 

36. Patent only 

(present) 

37. In Provisional is "that is" 

38. In Provisional is "The present" 

39. In Provisional is "the present" 



Differences Between Fire et al. Patent and Fire et al . 
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40. In Provisional is "The noted disadvantages" 

41. Patent only 

(the) 

42. Provisional only 

[These genes were chosen based on: (1) a defined 
molecular structure, (2) classical genetic data showing 
the nature of the null phenotype. Each segment tested 
for RNAi is designated with the name of the gene 
followed by a single letter (e.g., unc22C) . Segments 
derived from genomic DNA are shown above the gene, 
segments derived from cDNA are shown below the gene. 
The consequences of injecting double-stranded RNA 
segments for each of these genes is described in Table 
1. dsRNA sequences from the coding region of each gene 
produced a phenotype resembling the null phenotype for 
that gene . ] 

43. In Provisional is "H" 

44. In Provisional is 

45. Provisional only 

[, both expressed in body muscle. The fluorescent 
nature of these reporter proteins allowed us to examine 
individual cells under the fluorescence microscope to 
determine the extent and generality of the observed 
inhibition of gene expression] 

46. Patent only 

(visualized . . . microscope) 

47. Provisional only 

[These GFP patterns appear identical to the parent 
strain, with prominent fluorescence in nuclei (the 
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Provisional 

Page 5 of 23 

nuclear localized GFP-LacZ) and mitochondria (the 
mitochondrially targeted GFP) . ] 

48. Provisional only 

[Observable GFP fluorescence is completely absent in 
over 95% of cells. Only a single active cell is seen 
in the larva in panel D, while the adult animal in 
panel E shows staining in none of the striated body 
wall muscles. Inhibition is not effective in all 
tissues: the entire vulval musculature expresses active 
GFP in the adult animal shown in panel E. Panel F 
shows two rare GFP positive cells in an adult. Both 
cells express both nuclear-targeted GFP-LacZ and 
mitochondrial GFP . ] 

49. In Provisional is animals" 

50. Provisional only 

[In the animals derived from this injection, 
mitochondrial-targeted GFP appears unaffected while the 
nuclear-targeted GFP-LacZ is absent from almost all 
cells (e.g. larva in panel G) . ] 

51 . Patent only 

( (dark stain) ) 

52. Provisional only 

[The 1262 nt mex-3 cDNA clone 20 was divided into two 
segments, mex-3A and mex-3B with a short (325 nt) 
overlap. Similar results were obtained in experiments 
with no overlap between inhibiting and probe segments. 
mex-3B antisense or dsRNA was injected into the gonads 
of adult animals, which were fed for 24 hours before 
fixation and in situ hybridization (see reference 5) . 
The mex~3B dsRNA produced 100% embryonic arrest, while 
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>90% of embryos from the antisense injections hatched. 
Antisense probes corresponding to mex-3A were used to 
assay distribution of the endogenous mex-3 mRNA (dark 
stain) . Four-cell stage embryos are shown; similar 
results were observed from the 1 to 8 cell stage and in 
the germline of injected adults.] 

53. In Provisional is "The scale is such that" 

54. Provisional only 

[Purified antisense and sense RNA from unc22A were 
injected individually or as an annealed mixture. 
"Control" was an unrelated dsRNA (gfpG) . Injected 
animals were transferred to fresh culture plates 6, 15, 
21, 41 and 56 hours after injection. Progeny grown to 
adulthood were scored for movement in their growth 
environment, then examined in 0.5 mM levamisole. ] 

55. Provisional only 

[in the graph] 

56. Patent only 

(Progeny ... 56 hours The) 

57. Provisional only 

[:] 

58. In Provisional is "showing" 

59. Patent only 

(FIGs. 5A-C . . . gfp.) 

60. In Provisional is "DESCRIPTION OF PREFERRED EMBODIMENTS" 

61. Patent only 

(producing) 

62. Patent only 

(by introducing) 
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63. Provisional only 

[with] 

64. Provisional only 

[$], i.e. a paragraph break 

65. Patent only, but see Provisional {page 5, line 28 to page 6, 
line 12} 

65.1. Provisional only 

[or into the extracellular environment] 
{page 6, line 1} 

65.2. Provisional only 

[The process may be practiced ex vivo or 
in vivo.] {page 6, line 3} 

65.3. In Provisional is "viral gene which is present 
in the cell after infection thereof." {page 6, 
line 8-9} 

65.4. In Provisional is "the procedure" {page 6, 
line 10} 

66. Provisional only 

[Sequence] 

67. Patent only 

(nuclease protection, ) 

68. Patent only 

(gene . . . microarray, ) 

69. Patent only 

( (ELISA) ) 

70. Patent only 

( (RIA) , other immunoassays) 

71. Patent only 

( (FACS) ) 
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72. Patent only 

(acetohydroxyacid synthase (AHAS) , ) 

73. Patent only 

( (AP) ) 

74. Patent only 

( (GUS) ) 

75. Patent only 

( (CAT) ) 

76. Patent only 

(horseradish peroxidase (HRP) ) 

77. Patent only 

((Luc), . . . (OCS),) 

78. In Provisional is "or" 

79. Patent only 

(Multiple . . . tetracyclin . ) 

80. Patent only 

(as compared . . . invention) 

81. Patent only, but see Provisional {page 6, line 12 to page 
7, line 9} 

81.1. Provisional only 

[target gene transcription] {page 6, lines 
15-16) 

81.2. Patent only 

(As an example . . . region.) 

81.3. In Provisional is it" {page 6, line 17} 

81.4. Patent only 

(For example . . . synthesis.) 

81.5. In Provisional is "multiple" {page 6, line 20} 
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Fire et al . Patent and Fire et al . 



81.6. Provisional only 

[Fully duplex RNA lacks an unpaired region 
with single stranded structure.] {page 6, 
lines 20 - 21} 

81.7. Patent only 

(500) 

81.8. Patent only 

(; lower . . . applications) 

81.9. Patent only 

(sequence comparison and) 

81.10. Patent only 

(by, for example, . . . Group).) 

81.11. Patent only 

(the portion of) 

81.12. Provisional only 

[for the identical nucleotide sequences] 
{page 7, line 4} 

81.13. Patent only 

(hybridization) 

81.14. Patent only 

(; followed by washing) 

81.15. Patent only 

(300) 

82. Patent only 

(As disclose . . . divergence.) 

83. Patent only 

(protozoan . . . or) 

84. Provisional only 

[or yeast] 
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Fire et al. Patent and Fire et al . 



85. Patent only 

(Preferred . . . morphologies.) 

86. Patent only 

( ; field . . . bean) 

87. Patent only 

(cotton . . . sorghum) 

88. Patent only 

(sunflower, ) 

89. Patent only 

(; vegetable . . . carrot,) 

90. Patent only 

(celery . . . pepper, ) 

91. Patent only 

(pumpkin . . . juniper;) 

92. Patent only 

(palm, poplar, ) 

93. Patent only 

(redwood . . . and) 

94. In Provisional is "cow" 

95 . Patent only 

(sheep) 

96. Patent only 

(Representative . . . Homoptera.) 

97. In Provisional is "That" 

98 . Patent only 

(having the target gene) 

99. Patent only, but see Provisional {page 7, line 11 to page 7 
line 15} 

99.1. In Provisional is "vector" {page 7, line 14} 
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99.2. Patent only 

(, splice . . . polyadenylation) 

99.3. In Provisional is "is" {page 7, line 15} 

100. Patent only 

(Inhibition . . . apparatus.) 

101. Patent only 

(or enzymatically ) 

102. Patent only 

(a cellular) 

103. Provisional only 

[of the cell] 

104. In Provisional is "construction" 

105. In Provisional is "vector" 

106. Patent only 

^32, 33, 34 j 

107. Provisional only 

[Goeddel, Gene Expression Technology, Academic Press, 
1990; Kreigler, Gene Transfer and Expression, Stockton 
Press, 1990; Murray, Gene Transfer and Expression 
Protocols, Humana Press, 1991;] 

108. Patent only 

(also) 

109. Patent only 

(U.S. Pat. . . . 5,804,693;) 

110. In Provisional is "Preferably" 

111. In Provisional is "is" 

112. Patent only 

(and/or . . . strands) 

113. Provisional only 

[The] 
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114. In Provisional is "introduced directly" 

115. Patent only 

(introduced) 

116. Patent only 

(into) 

117. Provisional only 

[Examples of extracellular spaces into which the RNA 
may be introduced include] 

118. In Provisional is "or" 

119. Patent only 

(introduced orally . . . may also be used.) 

120. Patent only 

(the roots, ) 

121. Patent only 

(the) 

122. Patent only 

(A transgenic . . . organism.) 

123. In Provisional is "are preferred such as for example," 

124. In Provisional is "with" 

125. In Provisional is "vector" 

126. In Provisional is "vector" 

127. In Provisional is "vector" 

128. Patent only 

(Other methods . . . target gene.) 

129. Patent only 

(a cell . . . introduced into) 

130. Patent only 

(carcinogenic/ tumor igenic) 

131. Patent only 

(or maintenance) 
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132. Patent only 

(Treatment . . . envisioned.) 

133. Patent only 

(or transformed . . . in C. elegans) 

134. In Provisional is "is" 

135. Provisional only 

[1], i.e. a paragraph break 

136. In Provisional is "can be used" 

137. In Provisional is "are" 

138. " In Provisional is "For instance/' 

139. Patent only 

(RNA-mediated mechanism was) 

140. Patent only 

(RNAi) 

141. In Provisional is "has" 

142. In Provisional is "In particular" 

143. In Provisional is "co-suppression" 

144. Patent only 

(crude) 

145. In Provisional is "We" 

146. Provisional only 

[ (see Figure 4 ) ] 

147. In Provisional is "interference" 

148. Patent only 

(While . . . activity) 

149. In Provisional is "interfering" 

150 . In Provisional is "We" 

151. Provisional only 

[the] 
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152. Patent only 

(of these crude preparations) 

153. Provisional only 

[below] 

154. In Provisional is "and that this subpopulation was" 

155. Provisional only 

[We disclose that the non-purified RNA populations 
that were effective in inhibition assays herein 
include some molecules with double-stranded 
character . ] 

156. In Provisional is "we" 

157. Patent only 

(Analysis . . . Genes) 

158. Patent only, but see Provisional {page 17, line 3 to page 



158. 


1 . 


In 


Provisional 


is 


"interference" {page 17, line 






11} 








158. 


2 . 


In 


Provisional 


is 


"Table 1" {page 17, line 12} 


158. 


3. 


In 


Provisional 


is 


"-" {page 17, line 12} 


158. 


4 . 


In 


Provisional 


is 


"-" {page 17, line 15} 


158. 


5. 


In 


Provisional 


is 


"-" {page 17, line 19} 


158 . 


6. 


In 


Provisional 


is 


"our" {page 18, line 3} 


158. 


7 . 


In 


Provisional 


is 


"-" {page 18, line 3} 


158 . 


8 . 


In 


Provisional 


is 


"We found this not" {page 18, 



line 4} 

158.9. Provisional only 

[We] {page 18, line 6} 

158.10. Patent only 

(was ) 
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158.11. In Provisional is "interference" {page 18, 
line 7} 

158.12. In Provisional is "interference" {page 18, 
line 10} 

158.13. Provisional only 

[we have only observed] {page 18, line 10} 

158.14. In Provisional is "interference" {page 18, 
line 10} 

158.15. Patent only 

(was observed only) 

158.16. Provisional only 

[We assessed] {page 18, line 14} 

158.17. In Provisional is "interfere with" {page 18, 
line 26} 

158.18. Patent only 

(the) 

158.19. Provisional only 

[we used] {page 19, line 5} 

158.20. Patent only 

(was used) 

158.21. In Provisional is "we" {page 19, line 11} 

158.22. Provisional only 

[we saw] {page 19, line 17} 

158.23. Patent only 

(was noted) 

158.24. Provisional only 

[we found that] {page 20, line 3} 

158.25. In Provisional is "produces" {page 20, line 3} 

158.26. Provisional only 

[we targeted] {page 20, line 4} 
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158.27. Patent only 

(was targeted) 

158.28. Provisional only 

[ 5 ] {page 20, line 6} 

158.29. In Provisional is ". In contrast," {page 20, 
line 7} 

158.30. In Provisional is "D" {page 20, line 9} 

158.31. Patent only 

(Table 3 . . . 1998.) 

158.32. In Provisional is "we" {page 20, line 22} 

158.33. Provisional only 

[one case] {page 20, line 22} 

158.34. Provisional only 

[This would not be a consideration for a 
target gene present in a single copy in 
the genome.] {page 20, lines 23-24} 

159. Patent only 

(of) 

160. In Provisional is "interference" 

161. In Provisional is "interference" 

162. Patent only 

(Following . . . structure,) 

163. In Provisional is 

164. In Provisional is "RNA" 

165. Patent only 

(Methods for) 

166. Patent only 

(Additional Description of the Results) 

167. Patent only, but see Provisional {page 8, line 10 to page 
10, line 12} 
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167.1. Patent only 

(sequence . . . follows:) 

167.2. In Provisional is "RNAi" {page 8, line 15} 

167.3. In Provisional is "Figure 2A-H show analysis" 
{page 8, line 21} 

167.4. Patent only 

(were analyzed) 

167.5. Provisional only 

[effects] {page 8, line 21} 

167.6. Patent only 

( (FIG. 2, panels A-H) ) 

167.7. Patent only 

(ds-unc22A . . . affected.) 

167.8. Provisional only 

[The micrographs show progeny of injected 
animals. Panel A (young larva), B 

(adult) , and C (adult body wall; high 
magnification) result from injection of a 
control RNA (ds-unc22A) .] {page 8, lines 
26-28} 

167.9. In Provisional is "These" {page 8, line 28} 

167.10. Patent only 

(of the progeny) 

167.11. In Provisional is "appear" {page 8, line 28} 

167.12. Patent only 

(: young larva . . .(FIG. 2C) . ) 

167.13. Patent only 

(In contrast, the) 

167.14. Provisional only 

[Panels D-F show] {page 9, line 1} 
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167.30. Provisional only 

[lacking] {page 9, line 12} 

167.31. Patent only 

(activity) 

167.32. Patent only 

( (FIG. 2H) ) 

167.33. Patent only 

(in FIG. 2) 

167.34. Provisional only 

[Figures 3 A-D show] {page 9, line 14} 

167.35. Patent only 

(The) 

167.36. Patent only 

(was show . . . panels A-D).) 

167.37. Provisional only 

[Micrographs show In situ hybridization to 
embryos.] {page 9, line 15} 

167.38. In Provisional is "fed" {page 9, line 19} 

167.39. In Provisional is "are shown;" {page 9, line 
23} 

167.40. In Provisional is "Panel A: Negative control 
showing lack of staining in the absence of 
hybridization probe. Panel B: Embryo from 
uninjected parent (normal pattern of 
endogenous mex-3 RNA 20 ) . Panel C: Embryo from 
a parent injected with purified mex-3B 
antisense RNA . These embryos and the parent 
animals retain the mex-3 mRNA, although levels 
may have been somewhat less than wild type. 
Panel D: Embryo from a parent injected with 
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dsRNA corresponding to mex-3B; no mex-3 RNA 
was detected." {page 9 line 14 - page 10, line 
1} 

167.41. Patent only 

(of FIG. 3) 

167.42. In Provisional is "Figure 4 shows" {page 10, 
line 3} 

167.43. In Provisional is "of" {page 10, line 3} 

167.44. Patent only 

(was measured) 

167.45. Patent only 

(RNA) 

167.46. Patent only 

((FIG. 4)) 

167.47. In Provisional is "6, 15, 27, 41, and 56 
hours" {page 10, line 6} 

167.48. Patent only 

(The) 

167.49. Provisional only 

[:] {page 10, line 10} 

167.50. In Provisional is "showing" {page 10, line 10} 

167.51. Patent only 

(the) 

168. Patent only 

(FIG. 5A-C . . . effective.) 

169. Patent only, but see Provisional {page 20, line 25 to page 
20, line 25} 

169.1. Patent only 

(references (e.g. , ) 
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169.2. Patent only 

(application, ) 

169.3. Patent only 

(indicative . . . disclosures are) 

170. In provisional is "Reference" 

171. In Provisional is "Karn" 

172. Patent only 

(28 . . . 1991.) 

173. In Provisional is "layed" {page 24, line 10} 

174. Patent only 

(In Table 2, ) 

175. Provisional only 

[present] {page 26, line 22} 

176. Patent only 

(New Table 3 added) 

177. Patent only 

(in vitro) 

178. In Provisional is "has" {page 27, line 5} 

179. Provisional only 



[structure with an identical nucleotide sequence as 
compared to a portion of the target gene.] {page 27, 
lines 5-6} 



180. 



Patent only 



(molecule 



target gene . ) 



181 . 



Provisional only 



[ identical 



nucleotide 



sequence 



is 



at 



least 



50 



182 . 



nucleotides in length.] {page 27, lines 24-25} 
Patent only 



(first ribonucleotide 



target gene . ) 
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183. In Provisional is 

"12. The method of claim 1 in which the cell is 
present in an organism and inhibition of target 
gene expression demonstrates a loss-of function 
phenotype . 

13. The method of any one of claims 1-12 in which 
the RNA has one self-complementary strand. 

14. The method of any one of claims 1-12 in which 
the RNA has two separate complementary strands. 

15. The method of claim 14 further comprising 
synthesis of the two complementary strands and 
initiation of RNA duplex formation outside the 
cell . 

16. The method of claim 14 further comprising 
synthesis of the two complementary strands and 
initiation of RNA duplex formation inside the 
cell. 

17. The method of any one of claims 1-12 in which 
the RNA has no single stranded structure. 

18. The method of any one of claims 1-12 in which 
the RNA is introduced within the body cavity of 
an animal and outside the cell. 

19. The method of any one of claims 1-12 in which 
the RNA is introduced by extracellular injection 
into a body cavity of an organism. 

20. The method of any one of claims 1-12 in which an 
expression vector in a cell produces the RNA." 
{page 28, lines 1-26} 
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184. Patent only 

(Labels "FIG. 2", "CONTROL RNA ( ds - unc22a )" , "ds-gfpG 
RNA", "ds-IaxZL RNA" , "LI" and "ADULT" are added to 
the graphs in Figure 2) 

185. Patent only 

(Label "FIG. 3" is added to the caption for each graph 
in Figure 3) 

186. Patent only 

(Labels "FIG. 4A" and "FIG. 4B" are added) 

187. Provisional only 

[Section labeled "Progeny Cohort Group"] 

188. Patent only 

(New Figure 5 added) 
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